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SUMMARY
The p h a r m a c o k in e t i c s  o f  f o u r  t r im e th o p r im /s u lp h o n a m id e  
f o r m u l a t i o n s  ( T r i v e t r i n ,  T r i b r i s s e n ,  D u p h a tr im  a n d  L e o t ro x )  
a v a i l a b l e  f o r  t r e a t m e n t  o f  b a c t e r i a l  i n f e c t i o n s  i n  s h e e p  w e re
com pared in  f iv e  sheep  a f t e r  in t r a m u s c u la r  a d m in is t r a t io n  a t  a
—1 —1t o t a l  d ose  r a t e  o f  15 mg.kg o f  a c t iv e  in g r e d ie n ts  (12.5 mg.kg
-j
sulphonam ide p lu s  2 .5  mg.kg tr im e th o p r im ) .
The maximum c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  i n  p la s m a  
o c c u r r e d  a t  o n e  h o u r  a f t e r  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  
T r i v e t r i n  and L eo tro x . A f t e r  a d m i n i s t r a t i o n  o f  T r i b r i s s e n  an d  
D u p h a tr im  i n t r a m u s c u l a r l y ,  t r i m e t h o p r i m  w as n o t  d e t e c t e d  i n
-I
plasm a (< 0.1 pg .m l” 1) .
The mean p lasm a e l im in a t io n  h a l f - l i f e  o f  tr im e th o p r im  was 
1.3 an d  1 h o u r  a f t e r  a d m i n i s t r a t i o n  o f  T r i v e t r i n  an d  L e o t r o x  
r e s p e c t iv e ly .
The maximum c o n c e n tra t io n s  o f  su lp h ad o x in e , s u lp h a d ia z in e ,  
s u lp h a d ia z in e  and s u lp h a tro x a z o le  o c c u rre d  a t  2, 1, 1 and 1 h o u rs  
a f t e r  a d m i n i s t r a t i o n  o f  T r i v e t r i n ,  T r i b r i s s e n ,  D u p h a tr im  an d  
L eo tro x  r e s p e c t iv e l y .
T he m ean  e l i m i n a t i o n  h a l f - l i v e s  o f  s u l p h a d o x i n e ,  
s u lp h a d ia z in e , s u lp h a d ia z in e  an d  s u l p h a t r o x a z o l e  w e re  4 .8 , 2 .9 ,  
2 .6  a n d  9 .3 0  h o u r s  a f t e r  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  
T r i v e t r i n ,  T r ib r i s s e n ,  D uphatrim  and L eo tro x  r e s p e c t iv e ly .
No s i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  b e tw e e n  t h e  p la s m a  
c o n c e n tra t io n s  o f  tr im e th o p r im  and su lp h ad o x in e  a d m in is te re d  a t  1 
and 3 in tra m u s c u la r  s i t e s .
B io a v a i l a b i l i t y  o f  su lp h ad o x in e  and s u lp h a tro x a z o le  w ere 81 
and 88% r e s p e c t iv e ly .
T h e  s t u d y  r e v e a l e d  t h a t  a d m i n i s t r a t i o n  o f  
tr im e th o p rim /su lp h o n a m id e  c o m b in a tio n s  i n  s o lu t io n  ty p e  p ro d u c ts  
( T r i v e t r i n  an d  L e o t ro x )  p ro d u c e d  b e t t e r  p h a rm a c o k in e tic  p r o f i l e  
t h a n  t h o s e  o f  s u s p e n s i o n  t y p e  p r o d u c t s  ( T r i b r i s s e n  a n d  
D u p h a trim ).
The d e g r e e  o f  p l a s m a - p r o t e i n  b in d in g  o f  s u lp h a d o x in e ,  
s u lp h a d ia z in e  and s u lp h a tro x a z o le  was found to  be 50, 14 and 70% 
r e s p e c t iv e ly  w hich ap p ea red  t o  be w e ll  c o r r e l a t e d  t o  t h e i r  r a t e s  
o f  e l im in a t io n  from  p lasm a.
A d e t a i l e d  s tu d y  w as m ade o f  t h e  p h a r m a c o k in e t i c s  o f  t h e  
com m only u s e d  f l u k i c i d a l  d r u g s ,  a  new s u lp h o n a m id e  p r o d u c t ,  
c l o r s u l o n ,  t h e  s a l i c y l a n i l i d e s  r a f o x a n i d e ,  c l o s a n t e l  an d  
o x y c lo z a n id e , and a  un iq u e  b e n z im id a z o le  t r i c l a b e n d a z o l e  w h ic h  
h as  f l u k i c i d a l  a c t i v i t y  w ith  no n e m a to d ic id a l a c t i v i t y .
A ll  th e  f l u k i c i d a l  d in g s  s tu d ie d  showed m arked ly  lo n g  p lasm a 
e l i m i n a t i o n  h a l f - l i v e s  an d  a  h ig h  d e g r e e  o f  b in d i n g  t o  p la s m a -  
p r o te in s .
F o l l o w i n g  a d m i n i s t r a t i o n  o f  c l o r s u l o n  t o  c a t t l e  
su b c u ta n e o u sly  a s  a  10 and 20% su sp e n s io n  a t  4 mg.kg and o r a l l y  
a t  7 m g.kg , t h e  d ru g  w as r a p i d l y  a b s o rb e d  a n d  t h e  maximum 
c o n c e n t r a t i o n s  i n  p la sm a  o c c u r r e d  a t  2 4 , 12 an d  24 h o u r s  a t  a  
mean c o n c e n tr a t io n  o f  2 .3 , 4.3 and 4 pg.m l r e s p e c t iv e ly .  Mean 
e l i m i n a t i o n  h a l f - l i f e  o f  c l o r s u l o n  i n  c a t t l e  w as 2 9 .9 , 20 .5  an d  
16.4 h o u rs  fo llo w in g  a d m in is t r a t io n  o f  th e  d ru g  su b c u ta n e o u s ly  a s  
a  10 and 20% su sp e n s io n  a t  a  d o se  r a t e  o f  4 mg.kg and  o r a l l y  a t  
a  do se  r a t e  o f  7 mg.kg r e s p e c t iv e ly .
B in d in g  o f  c lo r s u lo n  t o  b o v in e  p la s m a -p ro te in s  was found to  
b e  94%.
F o l lo w in g  o r a l  a d m i n i s t r a t i o n  o f  ra fo x a n id e  a t  7.5 mg.kg~^ 
t o  f lu k e - f r e e  sh eep , th e  d ru g  was s lo w ly  ab so rb ed  and th e  maximum
_ <i
c o n c e n t r a t i o n s  (23 .6  p g .m l ) o c c u r r e d  t h r e e  d a y s  a f t e r  d ru g  
a d m in is t r a t io n  and was fo llo w e d  by v e ry  s low  e l im in a t io n  w ith  a  
mean plasm a e l im in a t io n  h a l f - l i f e  o f  1 6 .6  d a y s .
R afoxan ide  r e s id u e s  i n  b i l e ,  l i v e r  and m uscle  in  sheep  w ere
fo u n d  t o  b e  lo w  r e l a t i v e  t o  t h e  c o n c e n t r a t i o n  o f  t h e  d r u g  i n
—1 —1 p la s m a . A m ean c o n c e n t r a t i o n  o f  0 .2  p g .m l an d  0 .4  p g .g  o f
ra fo x a n id e  was d e te c te d  in  b i l e  and l i v e r  r e s p e c t iv e ly  a f t e r  28
days o f  d ru g  a d m in is t r a t io n  a t  7.5 mg.kg w h ile  in  m u sc le , th e
d ru g  was n o t  d e te c te d  (< 0.1 p g .g  ) .
R afoxan ide  was found t o  be 86.4 and 87.9% e f f i c i e n t  a g a in s t
s ix  and te n  week o ld  f lu k e s  when in f e c te d  sheep  w ere t r e a t e d  w ith
_ * i
7.5  an d  2.5  m g.kg r a f o x a n i d e  r e s p e c t i v e l y  when t h e s e  f l u k e s  
w ere co u n ted  a s  a d u l t s  a t  14 weeks a f t e r  i n f e s t a t i o n .
The s tu d y  d e m o n s t r a te d  t h a t  t h i s  p u t a t i v e  e f f i c a c y  may b e  
m i s l e a d i n g  i n  t h a t  t h e  d ru g  may o n ly  b e  e f f e c t i v e  by  v i r t u e  o f  
t h e  d ru g  s t i l l  b e in g  p r e s e n t  w hen t h e  im m a tu re  f l u k e s  r e a c h  
m a tu r i ty .  C le a r ly  th e  c u r r e n t  m ethods f o r  t e s t i n g  f o r  a c t i v i t y  
a g a in s t  im m ature f lu k e s  a r e  in a d e q u a te  when v e ry  p e r s i s t e n t  d ru g  
such  a s  ra fo x a n id e  i s  b e in g  t e s t e d .
The p h a r m a c o k in e t ic s  o f  r a f o x a n i d e  a d m in is te re d  o r a l l y  a t
7 .5  m g.kg t o  f l u k e - f r e e  s h e e p  w e re  fo u n d  t o  b e  s i g n i f i c a n t l y  
d i f f e r e n t  th a n  th o s e  o f  in f e c te d  sheep .
A b s o r p t io n  o f  c l o s a n t e l  f o l l o w i n g  o r a l  a d m i n i s t r a t i o n  a t
7 .5  m g.kg w as a l s o  s lo w  an d  t h e  maximum c o n c e n t r a t i o n  o f
4 5 .0  p g .m l o c c u r r e d  a t  tw o  d a y s  a f t e r  d ru g  a d m i n i s t r a t i o n .
E l i m i n a t i o n  o f  c l o s a n t e l  w as  s lo w  h a v i n g  a  m e an  p l a s m a  
e l im in a t io n  h a l f - l i f e  o f  14 .5  d a y s .
R es id u e s  o f  c l o s a n t e l  in  b i l e ,  l i v e r  and m uscle  o b ta in e d  a t  
v a r i o u s  t i m e s  a f t e r  d ru g  a d m i n i s t r a t i o n  w e re  lo w  r e l a t i v e  t o  
th o s e  i n  p la s m a . Mean c o n c e n t r a t i o n s  o f  2 8 .3 , 0 .7  p g .m l ; 1 .7  
and 0.7 pg.g c l o s a n te l  w ere d e te c te d  in  p la sm a, b i l e ,  l i v e r  and 
m uscle  one day a f t e r  d ru g  a d m in is t r a t io n  and th e s e  c o n c e n tr a t io n s  
d e c l i n e d  t o  1 8 .0 ,  0 .0  p g .m l - *'; 1 .2  a n d  0 .4  p g .g -  ^ 28 d a y s  
r e s p e c t iv e ly  a f t e r  a d m in is t r a t io n  o f  th e  d rug .
O xyclozan ide  was found t o  be  more r a p id ly  ab so rb ed  and th e  
maximum c o n c e n tra t io n s  in  p lasm a (18 pg.m l ) o c c u rre d  24 h o u rs  
a f t e r  o r a l  a d m i n i s t r a t i o n  o f  t h e  d ru g  a t  a  d o s e  r a t e  o f  
15 mg.kg . E l im in a t io n  o f  o x y c lo z a n id e  was more r a p id  th a n  t h a t  
o f  r a fo x a n id e  and c l o s a n t e l  w ith  a  mean p lasm a e l im in a t io n  h a l f -  
l i f e  o f  6 .4  d a y s .
F o l lo w in g  t h e  o r a l  a d m i n i s t r a t i o n  o f  t r i c l a b e n d a z o l e  t o  
s h e e p  a t  10 m g.kg , t h e  d ru g  w as r a p i d l y  m e ta b o l i s e d  t o  t h e  
s u lfo x id e  and th e  su lfo n e . The p a re n t  compound was n o t  d e te c te d  
in  th e  p lasm a sam p les a t  any t im e  (< 0.05 pg.m l ' ) ,  th e  maximum 
c o n c e n t r a t i o n s  o f  t r i c l a b e n d a z o l e  s u lfo x id e  and t r i c la b e n d a z o le  
s u lfo n e  o c c u rre d  a t  36 and 48 h o u rs  a f t e r  d ru g  a d m in is t r a t io n  and 
w ere 12 .8  and 13 .0  pg .m l r e s p e c t iv e ly .
Fenbendazo le  a d m in is te re d  o r a l l y  t o  sheep  a t  10 mg.kg- "' was 
r a p i d l y  a b s o rb e d  an d  w as a l s o  m e ta b o l i s e d  t o  t h e  s u l f o x i d e  
(o x fen d azo le ) and th e  s u lfo n e  (o x fen d azo le  s u l f o n e ) .
iv
F o l l o w i n g  o r a l  a d m i n i s t r a t i o n ,  t h e  m ax im um  p la s m a  
c o n c e n t r a t i o n s  o f  f e n b e n d a z o le ,  o x f e n d a z o le  a n d  t h e  s u l f o n e  
o c c u r r e d  a t  2 4 , 24 an d  48 h o u r s  an d  th e y  w e re  0 .3 4 , 0 .45 an d  
0.21 pg .m l r e s p e c t iv e ly .
P lasm a e l im in a t io n  h a l f - l i v e s  o f  t r ic la b e n d a z o le  s u lfo x id e ,  
t r i c l a b e n d a z o l e  s u l f o n e ,  f e n b e n d a z o l e ,  o x f e n d a z o l e  a n d  
o x f e n d a z o le  s u l f o n e  w e re  fo u n d  t o  b e  4 2 .8 , 2 5 .0 , 2 1 .8 , 23 .7  an d
3 5 .0  h o u r s  r e s p e c t i v e l y  f o l l o w i n g  a d m i n i s t r a t i o n  o f  
t r ic la b e n d a z o le  and fe n b en d a zo le  a lo n e  t o  th e  same s i x  sh eep  a t  a 
d o se  r a t e  o f  10 mg.kg o f  t r i c la b e n d a z o le  and o f  fen b en d a zo le .
The p h a r m a c o k in e t i c s  o f  t r i c l a b e n d a z o l e  an d  f e n b e n d a z o le  
w e re  fo u n d  n o t  t o  b e  a l t e r e d  f o l l o w i n g  a d m i n i s t r a t i o n  o f  b o th  
d ru g s  to g e th e r  from  th o s e  when each  d ru g  was a d m in is te re d  a lo n e .
T r ic la b e n d a z o le  was d e te c te d  a t  a  low c o n c e n tr a t io n  in  b i l e  
(0 .6  p g .m l - ')  i n  s h e e p  t r e a t e d  w i th  t r i c l a b e n d a z o l e  o r a l l y  a t  
10 m g.kg w h i le  i t  w as n o t  d e t e c t a b l e  i n  p la sm a  a t  t h a t  t i m e .  
T r ic la b e n d a z o le  s u lfo x id e  and t r i c la b e n d a z o le  s u lfo n e  w ere  found  
i n  b i l e  in  c o n c e n tra t io n s  lo w e r th a n  th o s e  i n  p lasm a.
P l a s m a - p r o t e i n  b i n d i n g  o f  r a f o x a n i d e ,  c l o s a n t e l ,  
o x y c lo z a n id e  an d  t r i c l a b e n d a z o l e  a n d  i t s  m e t a b o l i t e s  ( t h e  
s u lfo x id e  and th e  s u lfo n e )  w ere found t o  b e  > 99%.
PRINCrFr.ES OF PHARMACOKINETIC ANALYSIS
P h a r m a c o k in e t ic s  i s  t h e  s tu d y  an d  c h a r a c t e r i s a t i o n  o f  t h e  
t i m e  c o u r s e  o f  d ru g  a b s o r p t i o n ,  d i s t r i b u t i o n ,  m e ta b o l is m  and  
e x c r e t io n .
The s tu d y  o f  p h a r m a c o k in e t i c s  h a s  b e e n  o f  i n c r e a s i n g  
u s e fu ln e s s  in  r e c e n t  y e a r s  i n  d e s ig n in g  s u i t a b l e  dosage  reg im en s  
f o r  th e  m ain ten an ce  o f  a d e q u a te  p lasm a o r  t i s s u e  c o n c e n tr a t io n s .  
The r e l a t i o n s h i p  o f  t h e  p h a r m a c o k in e t i c s  o f  d r u g s  t o  t h e  
i n t e n s i t y  an d  d u r a t i o n  o f  t h e i r  a c t i o n  (p h a rm a c o d y n a m ic s )  h a s  
a l s o  become re c o g n ise d  a s  an  im p o r ta n t  a re a  o f  pharm acology. The 
i n c r e a s i n g  p o w er o f  c o m p u te r s  h a s  l e d  t o  m uch m o re  r a p i d  
c a l c u la t io n  o f  p h a rm a c o k in e tic  p a r a m e te r s  th e r e b y  m a k in g  t h e i r  
u s e fu ln e s s  much g r e a te r .
G e n e ra lly , p h a rm a c o k in e tic s  i s  concerned  w ith  g e n e ra t in g  th e  
b e s t - f i t  e q u a tio n  f o r  th e  p lasm a c o n c e n tr a t io n / t im e  cu rv e  a f t e r  
a d m in is t r a t io n  o f  s in g le  o r  r e p e a te d  d o se s  o f  a  d ru g . From th e  
c a l c u l a t e d  e q u a t io n  a  n u m b er o f  i m p o r t a n t  p a r a m e te r s  c a n  b e  
d e r iv e d , th e  a b s o rp tio n  h a l f - l i f e ,  th e  e l im in a t io n  h a l f - l i f e ,  th e  
a p p a r e n t  v o lu m e  o f  d i s t r i b u t i o n ,  e t c .  T h e  t h e o r y  o f  
p h a r m a c o k in e t ic s  a s  a p p l i e d  t o  d o m e s t ic  a n im a ls  h a s  b e e n  w e l l  
d e s c r i b e d  i n  t h e  r e c e n t  book  by  B a g g o t (1977) an d  d e t a i l e d  
b a c k g ro u n d  t o  t h e  u s e  o f  a l l  t h e  t e r m in o lo g y  u s e d  i n  t h i s  s tu d y  
c a n  b e  fo u n d  t h e r e .  A g l o s s a r y  o f  t e r m s  a s  u s e d  i n  t h i s  s tu d y  
fo llo w s .
F o r m ost d ru g s  th e  d i s p o s i t i o n  c u rv e s  can  b e  f i t t e d  t o  a  b i -  
(o r  l e s s  commonly a  t r i - )  e x p o n e n tia l  te rm  o f  th e  ty p e .
C = Ae~a t  + Be~ f i t  + C e ~ ^ t  . . . e t c .
W here C i s  t h e  p la s m a  c o n c e n t r a t i o n  a t  t im e  t .  A, B a r e  p la s m a  
d ru g  c o n c e n tr a t io n  in t e r c e p t s ,  e  i s  th e  b a se  o f  n a t u r a l  lo g a r i th m  
an d  t  i s  t h e  t i m e ,  a n d  t h e s e  a r e  g e n e r a te d  by  i t e r a t i v e  l e a s t -  
sq u a re s  m ethods from  th e  o b se rv ed  v a lu e s .
v i i
GD3SSARY AND FORMULA OF THE PHARMACOKINETIC PARAMETERS
C p °  : The i n i t i a l  c o n c e n t r a t i o n  o f  d ru g  i n  p la s m a
a f t e r  in tra v e n o u s  a d m in is t r a t io n  o f  a  s in g le  
dose . I t  i s  e x p re s se d  by pg.m l“ \
C p °  = A + B
Where A i s  th e  e x t r a p o la te d  z e ro - t im e  p la sm a  
d ru g  c o n c e n tr a t io n  o f  th e  a  p h ase . B i s  th e  
e x t r a p o l a t e d  z e r o - t i m e  p l a s m a  d r u g  
c o n c e n tra t io n  o f  th e  (3 p h ase , 
t  1 /2  O! : The h a l f - l i f e  o f  a  p hase  e x p re s se d  in  u n i t s
o f  tim e .
t  1 /2  a  = 0 . 6 9 3 / a .
t  1 /2  /3 : H a l f - l i f e  o f  th e  f3 p hase  e x p re s se d  in  t im e
u n i t s .
The te rm  can  be d e f in e d  a s  th e  t im e  r e q u ir e d
f o r  t h e  body  t o  e l i m i n a t e  o n e  h a l f  o f  t h e
p a r t i c u l a r  d r u g  a n d  i t  i s  g i v e n  b y  t h e
e x p re s s io n  0 .6 9 3 / (3 .
Vc : T he  a p p a r e n t  v o lu m e  o f  t h e  c e n t r a l
com partm ent e x p re s se d  in  m l.k g  .
Dose ( i . v . )
Vc =  -
C p °
v i i i
Vd
AUC
The a p p a r e n t  v o lu m e  o f  d i s t r i b u t i o n  an d  i s  
e x p r e s s e d  i n  m l.k g  ' .  I t  c a n  b e  d e f in e d  a s  
t h a t  volum e o f  f l u i d  w hich  w ould b e  r e q u ire d  
t o  c o n t a i n  t h e  am o u n t o f  d ru g  i n  t h e  body  i f  
t h e  d ru g  w as u n i f o r m ly  d i s t r i b u t e d  a t  a  
c o n c e n tra t io n  e q u a l t o  t h a t  i n  th e  p lasm a.
The a p p a re n t volum e o f  d i s t r i b u t i o n  (Vd) can  
b e  c a l c u l a t e d  i n  a  n u m b e r  o f  w a y s ,  b y  
e x t r a p o la t io n ,  a r e a ,  p s e u d o - e q u i l i b r iu m  an d  
s te a d y  s t a t e  m ethods, w ith  each  m ethod h av in g  
l i m i t a t i o n s .  T h e se  l i m i t a t i o n s  h a v e  b e e n  
d is c u s s e d  by B aggot (1978). M ost commonly Vd 
i s  c a l c u l a t e d  by  t h e  a r e a  m e th o d  u s in g  t h e  
fo llo w in g  e q u a tio n s  
Dose
V<^ (a re a )  ”
1 AUC .(3
Dose
A /a  + B/jS
A rea u n d e r  t h e  p la s m a  c o n c e n t r a t i o n  v e r s u s
-i
t im e  cu rv e  and i s  e x p re sse d  i n  pg.m l” .h. I t
c a n  b e  c a l c u l a t e d  by  t h e  t r a p e z o i d a l  m e th o d
(Baggot 1977).
r t  Cp ( t )
AUC = / cp  d t  + ---------
h  11
W here t  = t h e  t im e  a t  w h ic h  l a s t  s a m p le  w as 
ta k e n ;  Cp ( t )  = t h e  c o n c e n t r a t i o n  o f  t h e  
d r u g  i n  t h e  l a s t  s a m p l e .  jS = t h e
i x
e l im in a t io n  r a t e  c o n s ta n ts  
: F i r s t - o r d e r  d i s t r i b u t i o n  r a t e  c o n s t a n t s
be tw een  th e  c e n t r a l  and p e r ip h e r a l  com partm en t, and 
i s  e x p re s se d  in  u n i t s  o f  r e c ip r o c a l  tim e  
(min- ^ , h~1 ) .
= a  + 0  -  Ke l  -  k 21
K2 1  : F i r s t - o r d e r  d i s t r i b u t i o n  r a t e  c o n s t a n t s
be tw een  th e  p e r ip h e r a l  and c e n t r a l  com partm en t.
= ( A . 0  ) + (B. a  )/C p°
Ke 2  : F i r s t - o r d e r  r a t e  c o n s ta n t  f o r  e l im in a t io n  o f
th e  d ru g  from  th e  c e n t r a l  com partm en t.
-  “  0  /  K21
CLb  : Body c l e a r a n c e .  I t  i s  t h e  v o lu m e  o f  b lo o d
_ - i
c le a r e d  o f  th e  d ru g  e x p re sse d  i n  m l.kg p e r  
u n i t s  o f  tim e .
= £  - ^ f a r e a ) * 1000-
B i o a v a i l a b i l i t y  : I t  i s  t h e  am o u n t o f  t h e  a d m i n i s t e r e d  d ru g
w hich e n te re d  th e  s y s t e m ic  c i r c u l a t i o n .  I t  
can  be  c a lc u la te d  from  th e  a r e a  u n d er p lasm a 
c o n c e n tr a t io n / t im e  cu rv e  (AUC) o b ta in e d  a f t e r  
in t r a m u s c u la r  (i.m .) o r  su b cu tan eo u s ( s /c )  o r  
o r a l  a d m i n i s t r a t i o n  a n d  t h a t  a f t e r  
i n t r a v e n o u s  a d m i n i s t r a t i o n  ( i . v . )  o f  e q u a l  
d o ses  o f  th e  d ru g  (Baggot 1977).
AUC ( i .m . ,  s / c ,  o r a l )
AUC ( i . v . )
x
STATISTICS
S t u d e n t 's  " t "  t e s t  f o r  p a i r e d  s a m p le s  w as u s e d  t o  t e s t  
in t r a - in d iv i d u a l  s i g n i f i c a n c e .
O ne-w ay  a n a l y s i s  o f  v a r i a n c e  an d  tw o -w a y  a n a l y s i s  o f  
v a r ia n c e  w ere u sed  w here a p p ro p r ia te .





T h e re  i s  a  c o n t in u o u s  s e a r c h  f o r  t h e  d e v e lo p m e n t o f  new 
a n t i b a c t e r i a l  a g e n t s  w i t h  d i f f e r e n t  m odes o f  a c t i o n  d u e  t o  t h e  
i n c r e a s i n g  p ro b le m  o f  d e v e lo p m e n t  o f  r e s i s t a n c e  o f  p a t h o g e n ic  
b a c t e r i a  t o  c h e m o th e r a p e u t ic  a g e n t s ,  b o th  i n  man a n d  a n i m a ls .  
T h e se  a n t i b a c t e r i a l  a g e n t s  h a v e  t o  b e  h i g h l y  e f f e c t i v e  a g a i n s t  
t h e  r e s i s t a n t  p a th o g e n s ,  s a f e  t o  t h e  h o s t  an d  p o s s e s s  good  
p h a rm a c o k in e tic  and pharmacodynamic p r o p e r t i e s .
T he  s u l p h o n a m i d e  a n t i b a c t e r i a l s  w e r e  t h e  f i r s t  
c h e m o th e r a p e u t ic  a g e n t s  u s e d  f o r  t h e  t r e a t m e n t  o f  b a c t e r i a l  
i n f e c t i o n s  i n  man. They w e re  f i r s t  d i s c o v e r e d  d u r in g  a n  
i n v e s t i g a t i o n  w i th  a n  a z o  d y e  c a l l e d  P r o n t o s i l  (G elm o 1 9 0 8 ). 
Soon a f t e r  t h a t  i t  w as o b s e rv e d  t h a t  i n  t i s s u e s ,  p r o n t o s i l  
l in k a g e  s p l i t  t o  y ie ld  a  com ponent "S u lp h an ilam id e"  t o  w hich  th e  
a n t i b a c t e r i a l  a c t i v i t y  i s  r e l a t e d .  S u lp h a n i la m id e  ( F ig u r e  (1 ))  
i s  th e  b a s ic  g roup  o f  a l l  su lphonam ides and from  t h i s  m ore th a n
5,000 v a r i a t io n s  have been  s y n th e s is e d  a l th o u g h  o n ly  a  few  a r e  i n  
c l i n i c a l  u se .
The s u lp h o n a m id e s  a r e  b a c t e r i o s t a t i c  d ru g s  w h ic h  a c t  by  
i n t e r f e r i n g  w ith  th e  u p ta k e  o f  p a ra -am in o  b en zo ic  a c id  (PABA) by 
t h e  m ic r o - o r g a n is m s .  PABA i s  a n  e s s e n t i a l  co m p o n en t o f  t h e  
enzyme f o l i c  a c id  w hich i s  r e q u ir e d  f o r  th e  s y n th e s is  o f  n u c le ic  
a c i d .  T hus i t s  u p ta k e  w i l l  i n t e r f e r e  w i th  b a c t e r i a l  c e l l  
d iv i s io n .
F o r  many y e a r s ,  i t  w as th o u g h t  t h a t  t h e  a n t i b a c t e r i a l  
a c t i v i t y  o f  s u lp h o n a m id e s  m ig h t  b e  im p ro v e d  w hen u s e d  w i t h  
i n h i b i t o r s  o f  b a c t e r i a l  d ih y d r o f o la te  re d u c ta s e  (H itc h in g s  e t  a l  
1 9 5 2 a ). C o m b in a tio n  o f  s u lp h o n a m id e s  w i t h  i n h i b i t o r s  o f
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d ih y d ro fo la te  r e d u c ta s e  w i l l  enhance th e  a n t i b a c t e r i a l  a c t i v i t y  
o f  b o th  d ru g s  t o  i n c lu d e  m ic r o - o r g a n is m s  w h ic h  a r e  know n t o  be  
r e s i s t a n t  t o  t h e  a c t i o n  o f  e a c h  d ru g  w hen g iv e n  a l o n e  (s u c h  a s  
P r o t e u s , B o r d e t e l l a  an d  N e i s s e r i a  s p e c i e s ) .  F u rth e rm o re  t h e i r  
c o m b in a t io n  p r o v id e s  a n o t h e r  a d v a n ta g e  a s  l e s s  v o lu m e  o f  d ru g  
w i l l  be r e q u ire d  t o  p roduce th e r a p e u t i c  c o n c e n tra t io n s  ad eq u a te  
f o r  a n t i b a c t e r i a l  a c t i v i t y  t h u s  r e d u c in g  t h e  r i s k  o f  d ru g  
t o x i c i t y  due t o  l e s s  d ru g  r e s id u e s  i n  th e  body.
I n h ib i t io n  o f  d ih y d ro fo la te  re d u c ta s e  h a s  been  shown t o  be 
one o f  th e  p r o p e r t i e s  o f  2 ,4 -d ia m in o  p y r im id in e s  (H itc h in g s  e t  a l  
1948 ; F a lc o  e t  a l  1949; H i tc h in g s  an d  B u r c h a l l  1 965 ; B ushby  an d  
H i tc h in g s  1 9 6 8 ). Among t h e s e  i n h i b i t o r s  t r i m e t h o p r i m  ( F ig u r e  
(2 ))  h a s  show n t o  h a v e  a  b ro a d  s p e c tru m  a n t i b a c t e r i a l  a c t i v i t y  
and w ith  a  h ig h  a f f i n i t y  o f  b in d in g  t o  th e  b a c t e r i a l  r e l a t i v e  to  
t h e  m am m alian  d i h y d r o f o l a t e  r e d u c t a s e  ( H i tc h in g s  e t  a_l 1 9 52b ; 
E l l i o n  e t  a l  1954; H i tc h in g s  an d  B ushby  1961; B u r c h a l l  an d  
H itc h in g s  1965; Bushby and H itc h in g s  1968).
The a c t i v i t y  o f  t r im e th o p r im /s u lp h o n a m id e s  was c o n firm ed  
in  v i t r o  and in  c l i n i c a l  t r i a l s  u s in g  tr im e th o p rim  and  d i f f e r e n t  
su lphonam ides a lo n e  o r  in  co m b in a tio n  (Bushby and H itc h in g s  1968; 
B a rn e t t  and Bushby 1970; Rehm and W hite 1970; Bushby 1980; Pow ers 
e t  a l  1980). In  man, among th e  s e v e r a l  p o s s ib le  su lp h o n am id es , 
sulpham ethoxazW ehas been  c h o se n  f o r  t h e  c o m b in a t io n  b e c a u s e  o f  
i t s  h ig h  a c t i v i t y  an d  i t s  e l i m i n a t i o n  h a l f - l i f e  i n  man b e in g  
a p p r o x im a te ly  s i m i l a r  t o  t h a t  o f  t r i m e t h o p r i m  (B ushby an d  
H i tc h in g s  1968; B a r n e t t  an d  B ushby  1970 ). I n  t h e  v e t e r i n a r y  
f i e l d ,  a lth o u g h  th e  co m b in a tio n  ( tr im e th o p rim /su lp h a m e th o x a z o le )
2
i s  a l s o  r e c o g n i s e d  t o  h a v e  im p r o v e d  e f f e c t i v e n e s s  o v e r  
s u lp h o n a m id e s  a l o n e ,  d i f f e r e n t  s u lp h o n a m id e s  h a v e  b e e n  u s e d ,  
s u l p h a d i a z i n e  ( F ig u r e  ( 3 ) )  a n d  s u l p h a d o x i n e  ( F i g u r e  ( 4 ) ) ,  
a lth o u g h  th e r e  a r e  v a r i a t i o n s  in  t h e i r  e l im in a t io n  h a l f - l i v e s  in  
d i f f e r e n t  a n im a l  s p e c i e s  (Rehm an d  W h ite  1970; C r a ig  an d  W h ite  
1976; Bushby 1980; Pow ers e t  a l  1980). These c o m b in a tio n s  have 
b e e n  c o m m e r c ia l ly  a v a i l a b l e  i n  d i f f e r e n t  f o r m u l a t i o n s ,  a s  
i n j e c t a b l e  s o lu t io n s  o r  su sp e n s io n s , o r  o r a l  b o lu s e s ,  d i s p e r s ib l e  
pow ders and a s  a  p a s te .  R e c e n tly  tr im e th o p r im  h as  been  com bined 
w ith  a  su lphonam ide, s u lp h a tro x a z o le  (F ig u re  (5)) w hich  i s  new to  
th e  v e te r in a r y  m arke t.
S u r p r is in g ly ,  l i t t l e  c o m p ara tiv e  work h as  been  p u b lish e d  on 
t h e  d i f f e r e n t  c o m b in a t io n  p r o d u c t s  an d  i t  w as o f  i n t e r e s t  t o  
in v e s t ig a t e  th e  p h a rm a c o k in e tic s  o f  su lp h o n a m id e /tr im e th o p rim  in  
d i f f e r e n t  p ro d u c ts  and a l s o  t o  a s s e s s  w h e th e r th e  su sp e n s io n - ty p e  
p ro d u c ts  o r  th e  p ro d u c ts  in  s o lu t io n  gave b e t t e r  p h a rm a c o k in e tic  
p r o f i l e s .
D uring  th e  p e r io d  o f  t h i s  s tu d y , t h i s  a s p e c t  was co m p le ted  
s u c c e s s f u l l y .  H ow ever d u r i n g  t h i s  t i m e  a  new  i m p o r t a n t  
s u lp h o n a m id e  p r o d u c t ,  c l o r s u l o n ,  w i th  m a jo r  a c t i v i t y  a g a i n s t  
l i v e r  f lu k e s  and l i t t l e  a n t i b a c t e r i a l  a c t i v i t y  became a v a i l a b l e .
C o n s id e rin g  th e  w ide problem  o f  f a s c i o l i a s i s  th ro u g h o u t th e  
w o r ld  and  t h e  e c o n o m ic  im p o r ta n c e  o f  t h i s  g ro u p  o f  d r u g s ,  t h e  
w ork  o f  t h i s  s tu d y  o r i e n t a t e d  i t s e l f  to w a r d s  a  b r o a d  s tu d y  o f  
f l u k i c i d a l  d ru g s , e s p e c i a l l y ,  s in c e  a s  th e  work p ro g re s se d  t h i s  
g ro u p  o f  d r u g s  h a s  show n i t s e l f  t o  h a v e  u n iq u e  p h a r m a c o k in e t i c  
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O ___  N H S O.
PHARMACOKINETIC STUDIES OF miMElBDPRIM-SUIPflONAMIDE 
OOMBINAnONS IN SHEEP
(1) P h arm aco k in e tic  s tu d ie s  o f  trim e th o p rim -su lp h o n am id e
co m b in a tio n s  in  sheep
(1) 1 In tro d u c t io n
(1) 1.1 A c t iv i ty
The c o m b in a t io n  o f  t r i m e t h o p r i m  (2 : 4 - d ia m in o - 5 - ( 3 ,4 ,5 -
t r im e th o x y b e n z y l )  p y r im id in e )  and  s e v e r a l  s u lp h o n a m id e s  h a v e
become w id e ly  u sed  in  th e  t r e a tm e n t  o f  v a r io u s  b a c t e r i a l  and some
p r o t o z o a l  d i s e a s e s  i n  man s i n c e  1968 an d  i n  a n im a ls  s i n c e  1970
(P ugsley  e t  a l  1969; M cGuinness 1969; Sander and M id tv e d t 1970;
Rehm and W hite 1970; D urr 1976; Bushby 1980).
The m ix tu re  o f  tr im e th o p rim  and one o f  th e  su lphonam ides h as
b e e n  show n t o  b e  a  b ro a d  s p e c tru m  p r e p a r a t i o n  h a v in g  a c t i v i t y
a g a in s t  a  w ide ran g e  o f  g ra m -p o s it iv e  and g ra m -n e g a tiv e  b a c t e r i a l
pa thogens. These in c lu d e  E s c h e r i c h i a , S t r e p t o c o c c u s , P r o t e u s ,
S a lm o n e l l a , P a s t e u r e l l a , S h i g e l l a , K l e b s i e l l a , S ta p h y lo c o c c u s ,
C o ry n b a c te r iu m , P se u d o m o n a s , C lo s t r i d iu m  an d  B o r d e t e l l a  s p p
(Bushby and B a rn e t t ,  1967; B a rn e t t  and Bushby 1970; Simmons 1970;
B a s s e t t  1971; R asm u ssen  1971 ; M arks e t  a l  1973; W ie ru p  1 9 7 4 ;
B atey  and S m its  1976).
The a c t i v i t y  o f  tr im e th o p rim -su lp h o n a m id e  co m b in a tio n s  have
b e e n  o f  p a r t i c u l a r  v a l u e  i n  t h e  t h e r a p y  o f  r e s p i r a t o r y ,
u r o g e n i t a l  and  a l i m e n t a r y  t r a c t  i n f e c t i o n s  i n  hum an m e d ic in e
(G runeberg and K olbe 1969; Hughes 1969; L a i e t  a l  1970; R o b e rtso n
e t  a l  1973; Hughes e t  a l  1975; Gower and T ask er 1976; H i l l s
e t  a l  1976; S m e l l i e  e t  a l  1976) and  i n  v e t e r i n a r y  m e d ic in e
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(A n d erso n  1967; Rehm e t  al^ 1968 ; M cCaig 1970; Rehm an d  W h ite  
1 970 ; C r a ig  1 972 ; P o w e rs  e t  a l  1980; D iv e r s  e t  a l  1981 ; M i l l e r  
e t  a l  1984).
(1) 1 .2  Mode o f  a c t io n
The t r i m e th o p r im - s u lp h o n a m id e  c o m b in a t io n  d e r i v e s  i t s  
a c t i v i t y  from  th e  f a c t  t h a t  each  d ru g  i n h i b i t s  a  d i f f e r e n t  s te p  
i n  t h e  b i o s y n t h e t i c  p a th w a y  u s e d  by m ic ro o rg a n is m  i n  t h e  
s y n th e s is  o f  red u ced  f o l a t e  c o f a c to r s .
S u lp h o n a m id e s  an d  t r i m e t h o p r i m  a r e  b o th  a n t i f o l a t e s  f o r  
b a c t e r i a ,  i n t e r f e r i n g  w ith  im p o r ta n t  t e t r a h y d r o - f o la t e  co-enzym es 
b u t  th e y  h a v e  no  o r  l i t t l e  e f f e c t  on  m am m alian  c o -e n z y m e s  
(H itc h in g s  1973). Sulphonam ides com pete w ith  p a ra -a m in o  b e n z o ic  
a c id  f o r  th e  enzyme w hich c o n v e r ts  t h i s  b a c t e r i a l  m e ta b o l i te  to  
f o l i c  a c i d .  T h is  s t e p  d o e s  n o t  o c c u r  i n  a n im a ls  b e c a u s e  f o l a t e  
i s  a  v i t a m i n .  T r im e th o p r im  i n h i b i t s  t h e  enzym e d i h y d r o f o l a t e  
re d u c ta s e  w hich c o n v e r ts  d ih y d r o f o l ic  a c id  i n to  t e t r a h y d r o f o l i c  
a c i d .  T h is  s t e p  o c c u r s  i n  a n im a ls  a l s o ,  b u t  a t  t h e r a p e u t i c  
c o n c e n tra t io n s ,  tr im e th o p r im  does n o t a f f e c t  t h i s  c o n v e rs io n  in  
a n im a ls  b ecau se  i t s  a f f i n i t y  f o r  th e  mammalian enzyme i s  1 0 0 , 0 0 0  
t i m e s  l e s s  th a n  t h o s e  f o r  t h e  b a c t e r i a l  enzym e ( B u r c h a l l  an d  
H i tc h in g s  1965; B u r c h a l l  1973 ). The e f f e c t  o f  t h i s  e n z y m a t ic  
s e q u e n t ia l  b lo ck ag e  o f  m e tab o lism  r e s u l t s  i n  a  m arked s y n e r g i s t i c  
a c t i o n  ( H i tc h in g s  an d  B u r c h a l l  1965 ; Then an d  A ng eh rn  1974) an d  
m o r e o v e r  a  c o m b i n a t i o n  o f  t h e  a c t i v e  s u b s t a n c e s  h a s  a 
b a c t e r i c i d a l  e f f e c t  a s  com pared to  th e  b a c t e r i o s t a t i c  e f f e c t  o f  
each  d ru g  when g iv e n  a lo n e  (Bohni 1969; Pow ers e t  a l  1980). T h is  
s y n e r g y  p e r m i t s  c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  i n i t i a l  
su lphonam ide dose  and in c re a s e s  th e  th e r a p e u t i c  e f f e c t  (G a ll ie n
1 9 7 3 ) .  A ls o  t h e  c o m b i n a t i o n  w i l l  b e  l e s s  l i a b l e  t o  t h e  
developm ent o f  r e s i s t a n t  s t r a i n s  (Bushby and H itc h in g s  1968).
T h e o r e t ic a l ly ,  s in c e  th e  e f f ic a c y  and sp ec trum  o f  a l l  th e  
su lphonam ides a r e  s im i l a r ,  th e  c h o ic e  o f  any su lphonam ide in  th e  
c o m b in a t io n  i s  b a s e d  m a in ly  on  i t s  p h a r m a c o k in e t i c s  b e in g  
s i m i l a r  t o  th o s e  o f  tr im e th o p r im . In  man, su lp h am eth o x azo le  was 
c h o s e n  a s  t h e  m o s t a p p r o p r i a t e  s u lp h o n a m id e  s i n c e  i t  i s  o n e  o f  
th e  more a c t iv e  su lphonam ides (on a  w e ig h t b a s is )  and i t s  r a t e  o f  
e l im in a t io n  by man i s  s i m i l a r  t o  t h a t  o f  tr im e th o p r im  (B a rn e tt  
a n d  B ushby 1 9 7 0 ). I n  v e t e r i n a r y  m e d ic in e ,  a s  t h e  r a t e  o f  
e x c r e t io n  o f  th e s e  d ru g s  ( tr im e th o p rim /su lp h o n a m id e s)  v a r i e s  i n  
d i f f e r e n t  a n i m a l  s p e c i e s  t h e  h u m a n  c o m b i n a t i o n  
( tr im e th o p rim /su lp h a m e th o x a z o le )  may n o t  be th e  su lphonam ide o f  
c h o i c e ,  a l th o u g h ,  i n  v i t r o , t h e  s e n s i t i v i t y  o f  t h e  v e t e r i n a r y  
b a c t e r i a l  s t r a i n s  t o  t h e  hum an p r e p a r a t i o n  show ed  t h a t  o n ly
1 .5  p e rc e n t  o f  th e  v e te r in a r y  s t r a i n s  w ere found t o  be  r e s i s t a n t  
t o  t h e  hum an p r e p a r a t i o n  ( B a r n e t t  an d  B ushby 1970; R om vary  an d  
H orvay  1976 ). H ow ever many s u lp h o n a m id e s  h a v e  b e e n  u s e d  
s a t i s f a c t o r i l y  i n  t h e  v e t e r i n a r y  p r a c t i c e  a l th o u g h  th e y  h a v e  
d i f f e r e n t  h a l f - l i v e s ,  som e o f  w h ic h  a r e  t h e  s h o r t - a c t i n g  
su lphonam ide ( s u lp h a d ia z in e )  ( M c C a ig  1970 ; Cannon 1976 ; C r a ig  
and W hite 1976; Pow ers e t  a l  1980; S ig e l  e t  a l  1981 and th e  lo n g  
a c t i n g  s u lp h a d o x in e  ( B a r n e t t  an d  B ushby 1970; Rehm an d  W h ite  
1970). However th e  dosage in t e r v a l s  a r e  changed to  ta k e  a c c o u n t 
o f  th e  d i f f e r i n g  h a l f - l i v e s .
T h e  m in im u m  i n h i b i t o r y  c o n c e n t r a t i o n  (M IC ) o f  
tr im e th o p rim /su lp h o n a m id e  s in g ly  and in  v a r io u s  co m b in a tio n  h a s
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b e e n  d e te r m in e d  i n  v i t r o , i n  a  m ix tu r e  o f  v a r y in g  p r o p o r t i o n s .  
I t  w as show n t h a t  f o r  t h e  m a j o r i t y  o f  o r g a n is m s ,  t h e  maximum 
p o te n t i a t io n  (m easured by r e d u c t io n  in  th e  MIC) o c c u rre d  when th e  
r a t i o  i s  ab o u t 1 : 20 ( tr im e th o p r im  : su lphonam ide) (B a rn e tt  and 
B ushby  19 7 0 ). T h is  i s  b e c a u s e  t h e  a c t i v i t y  o f  t r i m e t h o p r i m  i s  
u s u a l l y  c o n s i d e r e d  t o  b e  2 0 - f o l d  h i g h e r  t h a n  t h a t  o f  
s u lp h o n a m id e s  ( G a l l i e n  1 9 7 3 ). H ow ever i n  c l i n i c a l  p r a c t i c e  i n  
h u m a n s ,  i t  h a s  b e e n  s h o w n  t h a t  t h e  r a t i o  o f  1 : 5
( tr im e th o p rim  : s u lp h a m e th o x a z o le )  i n  p la s m a  e x e r t s  s u p e r i o r  
a n t i b a c t e r i a l  a c t i v i t y  th a n  th e  r a t i o  o f  1 : 1 0  o r  1 : 2 0  
( B a r n e t t  an d  B ushby 1970; G a l l i e n  1973 ; T hen  an d  A n g eh rn  1 9 7 4 ). 
The d i f f e r e n c e s  betw een  optimum r a t i o s  f o r  in  v i t r o  and i n  v iv o  
a c t i v i t i e s  i s  th o u g h t  t o  b e  d u e  t o  t h e  h ig h  c o n c e n t r a t i o n  o f  
t r i m e t h o p r i m  i n  t i s s u e s  r e l a t i v e  t o  t h a t  i n  b lo o d  (B ushby an d  
H itc h in g s  1968; Bushby 1980).
(1) 1 .3  S a fe ty  to  h o s t
T o x i c i t y  o f  t r i m e t h o p r i m  h a s  b e e n  s u b j e c t e d  t o  e x t e n s i v e  
s t u d i e s .  I n  m ic e ,  t h e  o r a l  LD^q i s  m ore  th a n  2 ,0 0 0  m g.kg"^ an d  
i t  was n o t a f f e c te d  by th e  c o - a d m in is t r a t io n  o f  s u lp h a d ia z in e  a t  
eq u a l d o ses . The in tra v e n o u s  LD5 0  f ° r  m ice i s  ab o u t 200 mg.kg 
and in  c a t s  100 mg. kg'" ^  (Bushby and H itc h in g s  1968).
T o x i c i t y  s t u d i e s  i n  r a t s ,  m onkeys an d  d o g s  show ed  t h a t  
p ro lo n g ed  d a i ly  a d m in is t r a t io n  o f  tr im e th o p rim  ( fo r  14 days) a t
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d o ses  up t o  300 mg.kg p e r  day  had no ob v io u s e f f e c t .  A t h ig h e r  
d o s e s ,  t h e  o n ly  t o x i c  e f f e c t  show n w as m a tu r a t i o n  d e f e c t s  i n  
h aem o p o ies is  ( i .e .  e f f e c t  on bone m arrow ). However a n o th e r  g roup  
o f  a n im a ls  r e c e iv in g  th e  same dose  r a t e  b u t  w ith  a  su p p le m e n ta ry  
f o l a t e  d i e t  d id  n o t show such  e f f e c t s  (U d all 1969).
1 2
T e r a to g e n ic  s t u d i e s  i n  r a t s  a n d  r a b b i t s  sh o w e d  t h a t  
a d m in is t r a t io n  o f  tr im e th o p rim /su lp h a m e th o x a z o le  co m b in a tio n  on 
d ays 8  -  16 o f  p regnancy  caused  f o e t a l  m a lfo rm a tio n  and reduced  
w e ig h t g a in  in  th e  r a t s  and does a t  d o ses  o f  160 and 640 mg.kg- * 
r e s p e c t iv e ly  (U dall 1969). The c o n d i t io n  was e a s i l y  p re v e n te d  by 
su p p lem en ta ry  f o l a t e  d i e t .
T o x i c i t y  s t u d i e s  i n  c a t s  a n d  d o g s ,  s h o w e d  t h a t  
a d m in is t r a t io n  o f  t im e th o p r im -s u lp h a d ia z in e  c o m b in a tio n  a t  d o ses  
o f  120 an d  300 m g.kg p e r  d ay  r e s p e c t i v e l y  f o r  20 c o n s e c u t iv e  
d a y s  d id  n o t  c a u s e  an y  c h a n g e s  i n  b o d y w e ig h t c o m p a re d  t o  n o n ­
t r e a t e d  a n im a ls . Marked anaem ia and le u c o p e n ia  w ere seen  in  c a t s  
in  th e  l a s t  week fo llo w in g  o r a l  dosage o f  300 mg.kg- * p e r  day f o r  
20 c o n se c u tiv e  days (C ra ig  and W hite 1976).
A d m in is tra t io n  o f  t r i m e t h o p r i m - s u l p h a d i a z i n e  c o m b in a t io n  
in t ra v e n o u s ly  to  h o rse s  a t  d o ses  ran g m j from  1 3 - 6 2  mg.kg- * was 
s a f e  and  d id  n o t  p ro d u c e  an y  a d v e r s e  s i d e  e f f e c t s  ( M i l l e r  an d  
S z c z e c h  1984).
I n  c a t t l e  a n d  p i g s ,  t h e  s i n g l e  a d m i n i s t r a t i o n  o f  
tr im e th o p rim /su lp h a d o x in e  i n t r a m u s c u la r ly  o r  s u b c u ta n e o u s ly  a t  
d o ses  up to  35 mg.kg was w ith o u t any a d v e rse  e f f e c t  (Rehm and 
W hite 1970).
(1) 1 .4  P h a rm ac o k in e tic s  and O b je c tiv e
The p h a rm a c o k in e tic  p r o f i l e  o f  tr im e th o p rim  in  man and in  
d o g s  w as d e s c r i b e d  by  K a p la n  e t  a l  (1 9 7 0 ). C r a ig  an d  W h ite  
(1 9 7 6 ) r e p o r t e d  o n  s e ru m  t r i m e t h o p r i m - s u l p h a d i a z i n e  
c o n c e n t r a t i o n s  i n  d o g s  a n d  c a t s  g i v e n  r e p e a t e d  o r a l  a n d  
in j e c t a b l e  d o ses  o f  30 mg.kg p e r  day .
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I n  s h e e p ,  d o g s  an d  c a l v e s ,  P i e r c y  (1978) r e p o r t e d  t h e  
d i s t r i b u t i o n  o f  tr im e th o p r im  and s u lp h a d ia z in e  in  p la sm a, t i s s u e s  
and s y n o v ia l f l u i d s  a f t e r  o r a l  and in tra v e n o u s  a d m in is t r a t io n  o f  
30 m g .kg -^ .
In  g o a ts  {N ielsen  and Rasm ussen (l 9 76a,b ), in  c a t t l e  .N ie lse n  
e t  a l^ 1 9 7 8 )  an d  i n  h o r s e s  R a sm u sse n  e t  a l ( l 9 7 9 )  s t u d i e d  t h e  
k i n e t i c s  o f  t r i m e t h o p r i m  an d  s u lp h a d o x in e  a f t e r  o r a l  an d  
in tra v e n o u s  a d m in is t r a t io n  o f  th e  d ru g  a t  d i f f e r e n t  d o se  r a t e s .
T h e re  i s  l i t t l e  p u b l i s h e d  i n f o r m a t i o n  on  t h e  k i n e t i c s  o f  
t r im e th o p r im - s u lp h o n a m id e  c o m b in a t io n  i n  s h e e p  f o l l o w i n g  
i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  t h e  c o m m e rc ia l  i n j e c t a b l e  
p r e p a r a t i o n s  a t  t h e  recom m ended  d o s e  r a t e s .  T h e r e f o r e  t h e  
p r e s e n t  s tu d y  w as u n d e r ta k e n  i n  o r d e r  t o  s tu d y  t h e  k i n e t i c s  o f  
e a c h  a c t i v e  i n g r e d i e n t  i n  s h e e p  f o l l o w i n g  th e  i n t r a m u s c u l a r  
a d m in is t r a t io n  o f  p ro d u c ts  c o n ta in in g  tr im e th o p rim  in  co m b in a tio n  
w i th  s u lp h a d o x in e  ( T r i v e t r i n ) ,  s u l p h a d i a z i n e  ( T r i b r i s s e n  an d  
D uphatrim ) and s u lp h a tro x a z o le  (L eo tro x ), a t  th e  recom mended d o se  
r a t e s .
T he p h a r m a c o k i n e t i c s  o f  t r i m e t h o p r i m / s u l p h a d o x i n e  
( T r i v e t r i n )  w e r e  c o m p a r e d  f o l l o w i n g  t h e  i n t r a m u s c u l a r  
a d m in is t r a t io n  o f  th e  d ru g  a t  one and th r e e  s i t e s .
F u r th e r m o r e ,  t r i m e t h o p r i m / s u l p h a d o x in e  ( T r i v e t r i n )  an d  
t r i m e t h o p r i m / s u l p h a t r o x a z o l e  (L e o tro x )  w e re  a d m i n i s t e r e d  
i n t r a v e n o u s l y  i n  o r d e r  t o  p r o v i d e  a  m o re  c o m p r e h e n s i v e  
d e s c r ip t io n  o f  th e  k i n e t i c s  o f  b o th  d ru g s  in  sh eep .
The p la s m a  p r o t e i n - b i n d i n g  o f  e a c h  s u lp h o n a m id e  w as a l s o  
d e te rm in e d  in  v i t r o  t o  r e l a t e  th e  e l im in a t io n  h a l f - l i v e s  o f  th e s e  
d ru g s  t o  th e  d e g re e  o f  p r o te in - b in d in g .
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(1) 2 D e te rm in a tio n  o f  tr im e th o p rim  and su lphonam ides in  
plasm a
T he f i r s t  m e th o d  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  
s u lp h a n ila m id e  in  b lo o d  was in  1937 (M arsh a ll e t  a l  1937). The 
m ethod was p h o to m e te r ic  and b ased  on d i a z o t i s a t i o n  and c o u p lin g  
o f  t h e  s u lp h o n a m id e  i n  a c i d  s o l u t i o n  t o  y i e l d  c o lo u r e d  p r o d u c t  
(N ,N -d im e th y l-1 -n a p h th y la m in e  (d im e th y l-  Oi-n ap h th y lam in e ). The 
m ethod had d is a d v a n ta g e s  o f  b e in g  n o t r e p ro d u c ib le  and s e n s i t i v e  
and th u s  i t  was m o d ified  s l i g h t l y  by B ra t to n  and M a rsh a ll (1939) 
who used  a  d i f f e r e n t  c o lo u r in g  r e a g e n t  ( N - (1 -n a p h th y l)  e t h y l e n e  
d ia m in e  d i h y d r o c h l o r i d e  w h ic h  r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  
s e n s i t i v i t y  and r e p r o d u c i b i l i ty  o f  th e  m ethod, and b e s id e s ,  th e  
dev eloped  c o lo u r  by th e  r e a c t io n  was more s t a b l e  th a n  t h a t  i n  th e  
p re v io u s  m ethod. T h is  m ethod was fu r th e rm o re  m o d if ie d  by R e id e r  
(1972) t o  p ro v id e  a  method w ith  g r e a t e r  r a p id i ty  o f  c o u p lin g  and 
more s e n s i t i v e  and r e l i a b l e ,  and s in c e  th e n  t h i s  s im p le  m o d if ie d  
p h o to m e te r i c  m e th o d  (R e id e r  1972) h a s  b e e n  w id e ly  u s e d  f o r  t h e  
d e t e r m i n a t i o n  o f  s u lp h o n a m id e s  ( t h e  f r e e  an d  t o t a l )  i n  b o d y  
f l u i d s .
B ushby an d  H i tc h in g s  (1968) u s e d  a  m i c r o b i o l o g i c a l  a s s a y  
m e th o d  f o r  m e a s u r in g  t h e  c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  an d  
su lphonam ide. The m ethod h as  a  l i m i t  o f  s e n s i t i v i t y  o f  0.03 and 
0.01 pg.m l f o r  tr im e th o p r im  and su lphonam ide r e s p e c t iv e ly .  The 
d is a d v a n ta g e s  o f  m ic ro b io lo g ic a l  m ethods, in  g e n e ra l ,  a r e  la c k  o f  
p r e c i s i o n  an d  r e p r o d u c i b i l i t y .  The sam e a u th o r s - d e te r m in e d  
tr im e th o p r im  in  body f l u i d s  u s in g  a  u .v . a b s o rp tio n  p h o to m e te r ic  
m ethod.
S c h w a r tz  e t  a l  (1969) d e v e lo p e d  a  s e n s i t i v e  f l u r o m e t r i c
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m eth o d  f o r  t h e  a n a l y s i s  o f  t r i m e t h o p r i m  i n  body  f l u i d s .  The 
l i m i t  o f  s e n s i t i v i t y  o f  th e  method i s  2 0  ng .m l” ^ .
I n  v ie w  o f  t h e  d i s c o v e r y  o f  h ig h  p e r f o r m a n c e  l i q u i d  
c h ro m a to g ra p h y  an d  i t s  u s a g e  i n  g e n e r a l  a s  t h e  m o s t s e n s i t i v e  
m ethod by w hich d ru g s  co u ld  be  m easured t o  a  low  c o n c e n tr a t io n ,  
many H plc m ethods have been  developed  f o r  th e  d e te rm in a t io n  o f  
su lphonam ides ( e s p e c ia l ly  su lpham eth o x azo le ) and tr im e th o p r im  in  
body  f l u i d s  (Kram 1972 ; P o e t  an d  Pu 1973; P e n n e r  1 975 ; Cobb an d  
H i l l  1976; V ree e t  a l  1978; S in g le ta r y  and S a n c i l io  1980; G ochin 
e t  a l  1 9 81 ). D i f f e r e n t  H p lc  m e th o d s  h a v e  b e e n  u s e d  f o r  t h e  
d e te rm in a t io n  o f  su lp h a m e th o x a z o le  (S harm a e t  a l  1 976 ; Bye an d  
Brown 1977; Bury and M ashford 1979) and tr im e th o p r im  s e p a r a te ly  
( S ig e l  e t  a l  1973; K ir c h m e ie r  an d  U pton  1978; W e in fe ld  an d  
M a c a s ie b  1979 ). A l l  t h e s e  t e c h n iq u e s  w e re  v e r y  s im p le  an d  
s e n s i t i v e  t o  m e a su re  c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  a n d  
su lphonam ides o f  0.10 and 1.00 pg.m l . R eco v e rie s  o f  th e  m ethod 
w e re  h ig h  ( 8 8  an d  83% f o r  t r i m e t h o p r i m  an d  s u lp h o n a m id e  
r e s p e c t iv e l y ) .
In  t h i s  s tu d y , in  s p i t e  o f  th e  f a c t  t h a t  th e  H plc a n a l y t i c a l  
m e th o d  i s  c o n s id e r e d  t o  b e  m ore  s p e c i f i c ,  t h e  m e th o d  o f  R e i d e r  
(1972) an d  S c h w a r tz  e t  a l  (1969) w as fo u n d  t o  b e  s e n s i t i v e ,  
r e l i a b l e  a n d  m o s t  c o n v e n i e n t  f o r  t h e  d e t e r m i n a t i o n  o f  
su lphonam ides and tr im e th o p rim  r e s p e c t iv e ly  in  th e  p la sm a sam ple . 
Under th e  c o n d i t io n s  in  th e  la b o ra to ry ,  th e  l i m i t  o f  s e n s i t i v i t y  
o f  th e  m ethods was 2  and 0 . 1 0  pg.rnl- ' f o r  d i f f e r e n t  su lph o n am id es  
and tr im e th o p rim  r e s p e c t iv e ly .
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(1) 2.1 M a te r ia ls  and m ethods
(1) 2 .1 .1  T rim ethoprim  method o f  a n a ly s i s
T rim eth o p rim  was d e te rm in e d  s p e c t r o f  lu r o m e t r ic a l l y  a c c o rd in g  
t o  t h e  m e th o d  o f  S c h w a r tz  e t  a l  (1 9 6 9 ). The l i m i t  o f  d e t e c t i o n  
o f  th e  method i s  0 . 1 0  pg .m l 
(1) 2 .1 .2  R eagen ts
A l l  r e a g e n t s  u s e d  w e re  o f  " a n a l a r "  g r a d e  an d  th e y  w e re  
p re p a re d  u s in g  b i d i s t i l l e d  w a te r .
0.1 N Sodium c a rb o n a te  s o lu t io n  (1 4 .3  g Na2 C02 .10  H20 
com pleted  t o  500 ml w ith  b i d i s t i l l e d  w a te r .
0.01 N H2 S04
0.1 M P o tassiu m  perm anaganate  in  0.1 N sodium 
h y d ro x id e  (1 .5 8  g KMnO  ^ d is s o lv e d  and com pleted  t o  
100 ml w ith  0.1 N NaOH).
1 N H2 S04
C hloroform  (R athbum  C hem icals, S c o tla n d ) .
Form aldehyde (35%).
(1) 2 .1 .3  P ro ced u re  o f  a n a ly s i s
The p r i n c i p l e  o f  t h e  a n a l y t i c a l  p r o c e d u r e  i s  e x t r a c t i n g  
t r i m e t h o p r i m  fro m  p la s m a  w i th  c h lo r o f o r m  a t  b a s i c  pH, b a c k  
e x t r a c t i n g  i n t o  d i l u t e  H2 S0 4  and  o x i d i s i n g  w i th  KMn@ 4  ( i n  
a l k a l in e  s o lu t io n )  t o  th e  f l u o r e s c e n t  t r i m e t h y o x y - b e n z o ic  a c i d  
(TMBA), f o l l o w e d  by  r e m o v a l  o f  e x c e s s  p e rm a n g a n a te  w i th  
fo rm aldehyde and TMBA i s  th e n  e x t r a c te d  in t o  c h lo ro fo rm  and i t s  
f lu o re s c e n c e  m easured.
I n to  a  50 ml g la s s  s to p p e re d  t e s t  tu b e  8  ml o f  0.1 N Na2 <X>2 , 
1 0  ml c h lo ro fo rm  and 2  ml p lasm a sam p les  w ere in tro d u c e d  u s in g
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g la s s  b u lb  p ip e t te d .  The tu b e s  w ere s to p p e re d  and shaken  f o r  fo u r  
m in u te s  on a  slow  r o ta r y  m ix e r and c e n t r i f u g e d  f o r  t e n  m in u te s  a t  
3000 r .p .m .
I n  a  1 5 m l g l a s s  s to p p e r e d  t e s t  tu b e  4 m l o f  0.01 N H2 SO4  
w as in t r o d u c e d  t o  w h ic h  7 m l o f  t h e  b o tto m  c l e a r  c h lo r o f o r m  
e x t r a c t  w as a d d e d , s to p p e r e d ,  s h a k e n  f o r  t e n  m in u te s  an d  
c e n t r i f u g e d  a t  3000 r.p.m . f o r  te n  m in u te s .
I n  a n o t h e r  15 m l g l a s s  tu b e ,  3 m l o f  t h e  s u l p h u r i c  a c i d  
e x t r a c t  and 2 ml o f  a l k a l in e  KMnO  ^ s o lu t io n  w ere in tro d u c e d . The 
e x t r a c t s  w ere th o ro u g h ly  v o r te x e d  u s in g  a  ro ta m ix e r  ( G r i f f in  and 
G e o rg e , L ondon) and  p la c e d  f o r  t e n  m in u te s  i n  a  w a te r  b a t h  a t  
60°C.
0 .3  m l o f  f o rm a ld e h y d e  w as ad d e d  an d  v o r te x e d  f o l l o w e d  by  
1 m l o f  1 N H2 SO4 , v o r t e x e d  an d  p la c e d  a g a in  i n  t h e  w a te r  b a t h  
(60°C) f o r  te n  m in u tes . T h e r e a f te r  th e  e x t r a c t s  w ere th o ro u g h ly  
v o r te x e d  s e v e r a l  t i m e s  an d  t h e  tu b e s  w e re  c o o le d  u n d e r  r u n n in g  
t a p  w a te r  t o  room  te m p e r a t u r e  (18°C ). 4 m l o f  c h lo r o f o r m  w as
a d d e d  t o  e a c h  tu b e ,  s h a k e n  f o r  t e n  m in u te s  an d  c e n t r i f u g e d  a t  
3000 r .p .m . f o r  t e n  m in u te s .  The lo w e r  c h lo ro f o r m  l a y e r  w as 
t r a n s f e r r e d  in t o  1 0  ml c o n ic a l  g la s s  tu b e s  and im m e d ia te ly  i t s  
f l u o r e s c e n c e  w a s  m e a s u r e d  u s i n g  a n  A m in c o -B o w m a n  
s p e c tro f lu o re m e te r  u s in g  an  E x c i ta t io n  wave le n g th  o f  275 nm and 
E m issio n  wave le n g th  o f  350 nm.
(1) 2 .1 .4  P re p a ra t io n  o f  s ta n d a rd s  and r e c o v e r ie s
A s to c k  s o l u t i o n  o f  an  a c i d - f r e e  a q u e o u s  s o l u t i o n  o f  
tr im e th o p rim  was p re p a re d  a s  fo llo w s
I n  a  100 m l c o n i c a l  f l a s k  100 m l t r i m e t h o p r i m  (p u re  
com pound) w as w e ig h e d  an d  7.7  m l 1 N H cl w as a d d e d . The d r u g
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p a r t i c l e s  w e re  (ftsselypdr-. w i th  a  g l a s s  r o d  an d  l e f t  a t  room  
te m p e ra tu re  (18°C) f o r  te n  m in u tes  t o  form  th e  h y d ro c h lo r id e .
50 m l o f  b i d i s t i l l e d  w a te r  w as a d d e d  an d  t h e  f l a s k  w as 
p la c e d  f o r  f iv e  m in u te s  i n  a  w a te r  b a th  (60°C) u n t i l  t h e  compound 
was co m p le te ly  d is s o lv e d .
The m ix tu re  was th e n  co o le d  and n e u t r a l i s e d  u n d er m a g n e tic  
s t i r r i n g  by ad d in g  7 .3  ml 1 N NaOH.
The m ix tu re  was t r a n s f e r r e d  in t o  a  100 ml v o lu m e tr ic  f l a s k  
a n d  t h e  w a l l  o f  t h e  c o n i c a l  tu b e s  w as r i n s e d  w i th  b i d i s t i l l e d  
w a te r . The s o lu t io n  in  th e  v o lu m e tr ic  f l a s k  was co m p le ted  to  th e  
m ark  by  b i d i s t i l l e d  w a te r .  The f i n a l  s o l u t i o n  c o n t a in e d  
1000 pg.m l o f  tr im e th o p r im  in  0.9% NaOH. Known am ounts o f  t h i s  
s to c k  s o lu t io n  w ere added t o  d r u g - f r e e  p lasm a and ta k e n  th ro u g h  
t h e  p r o c e d u r e  o f  a n a l y s i s  f o r  p r e p a r a t i o n  o f  r e c o v e r i e s  ( o f  
tr im e th o p rim  from  p la sm a ).
A s to c k  s t a n d a r d  s o l u t i o n  o f  10 p g .m l o f  t r i m e t h o x y -  
b e n z o ic  a c i d  (TMBA) i n  c h lo r o f o r m  w as p r e p a r e d .  S o l u t i o n s  
c o n t a i n i n g  0 .2 5 , 0 .5 0 , 1 , 2 an d  2 .5 /  TMBA w e re  p r e p a r e d  by  
d i s s o l v i n g  a p p r o p r i a t e  a m o u n ts  o f  t h e  s to c k  s t a n d a r d  s o l u t i o n  
(TMBA) in  c h lo ro fo rm . The f lu o re s c e n c e  o f  th e s e  s o lu t io n s  w a s  
m easured and used  f o r  th e  p r e p a r a t io n  o f  a  c a l i b r a t i o n  c u rv e .
(1) 2 .1 .5  C a lc u la t io n s  o f  p e rc e n ta g e  re c o v e ry
R e c o v e r ie s  o f  t r i m e t h o p r i m  fro m  t h e  s p ik e d  p la s m a  w e re  
c a lc u la te d  u s in g  th e  fo llo w in g  fo rm ula
D eterm ined  c o n c e n tr a t io n  o f  th e  m easured s u b s ta n c e
(TMBA) i n  th e  f i n a l  s o lu t io n  (pg .m l- ^ ) x  100
P e rc e n ta g e  = -------------------------- ----------------------------------------------------------------
re c o v e ry  R ea l c o n c e n tra t io n  o f  th e  su b s ta n c e  ( tr im e th o p rim )
x
t o  be  m easured in  th e  sam ple (pg .m l- ^ )
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Q = T h e o r e t i c a l  c o n c e n t r a t i o n  o f  TMBA (p g .m l- ^ ) i n  t h e  f i n a l  
s o l u t i o n  a s s u m in g  c o m p le te  e x t r a c t i o n  an d  62% y i e l d  a t  t h e  
o x id a t io n  s te p .
Thus
2 212 .2  62 3
Q =  x ---------- x  ----  x  ------  x  S ( c o n c e n tra t io n  o f  tr im e th o p rim )
4 290 .3  100 4
C o n c e n tra tio n  o f  th e  d ru g  ( tr im e th o p r im )  in  p lasm a sam p les  was
c a lc u la te d  u s in g  th e  fo rm ula
Fa x C s
C o n c e n tra tio n  (pg .m l ) = ------------------  x  F
F s
W here F a  = F lu o r e s c e n c e  r e a d i n g  o f  t h e  a n a ly s e d  s a m p le  a f t e r  
s u b t r a c t io n  o f  th e  sam ple b la n k .
F s  = F lu o r e s c e n c e  r e a d i n g  o f  t h e  s t a n d a r d  a f t e r  
s u b t r a c t io n  o f  th e  ch lo ro fo rm  b la n k .
Cs = C o n c e n tra tio n  o f  th e  d ru g  in  th e  s ta n d a rd .
F = C o rre c t in g  f a c t o r  f o r  th e  c o n v e rs io n  y i e ld  i n  th e
o x id a t io n  s te p  ( tr im e th o p rim  to  TMBA).
Under th e  w ork ing  c o n d i t io n s ,  th e  p e rc e n ta g e  o f  c o n v e rs io n  
o f  t r i m e t h o p r i m  t o  t r i m e t h o x y - b e n z o ic  a c i d  ( i n  t h e  o x i d a t i o n  
s te p )  was found t o  be 62%.
T he c a l i b r a t i o n  c u r v e  w a s  p r e p a r e d  b y  p l o t t i n g  t h e  
c o n c e n tr a t io n s  o f  TMBA in  c h lo ro fo rm  v e r s u s  t h e i r  f l u o r e s c e n c e  
r e a d in g .
(1) 2 .2  Sulphonam ide method o f  a n a ly s i s
The c o n c e n tra t io n s  o f  th e  unchanged ( f re e )  su lphonam ide w ere  
d e te rm in e d  i n  th e  p lasm a sam p les u s in g  s p e c tro p h o to m e tr ic  m ethod 
o f  R e id e r  (1972) b ased  on t h a t  o f  B ra t to n  and M a rsh a ll (1 9 3 9 ).
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(1) 2 .2 .1  R eag en ts
A ll  r e a g e n ts  w ere o f  a n a l y t i c a l  g ra d e .
M c llv a in  b u f f e r  (pH 5.5) = 43 ml 0.2 M aqueous s o lu t io n  
o f  c i t r i c  a c i d  a n d  57 m l 0.4  M a q u e o u s  s o l u t i o n  o f  
sodium  p h o sp h a te  (Na2 HP0 ^).
E th y l a c e t a t e .
8  N HCl.
A cetone ( r e d i s t i l l e d  i n  g l a s s ) .
2 N HCl s o lu t io n  in  a c e to n e  p lu s  w a te r .
T h is  s o l u t i o n  w as p r e p a r e d  f r e s h l y  and im m e d ia te ly  b e fo re  
e a c h  s e r i e s  o f  a n a l y s i s ,  by  m ix in g  1 m l o f  8  N HCl w i t h  3 m l o f  
a c e to n e .
0 . 1 % s o l u t i o n  o f  so d iu m  n i t r i t e  i n  a  m ix tu r e  o f  3  : 1 
a c e to n e  : d i s t i l l e d  w a te r .
5% s o l u t i o n  o f  s u lp h a m ic  a c i d  i n  a  m ix tu r e  o f  3 : 1 
a c e to n e  : d i s t i l l e d  w a te r .
0 . 1 % s o l u t i o n  o f  OL - n a p h t h y l e t h y l e n e d i a m i n e
d i h y d r o c h l o r i d e  i n  a  m i x t u r e  o f  3 : 1 
a c e to n e  : d i s t i l l e d  w a te r .
M ethanol.
(1) 2 .2 .2  P ro ced u re  o f  a n a ly s i s
1 m l M c l lv a in  b u f f e r  (pH 5 .5 ) w as in t r o d u c e d  i n t o  15 m l 
g la s s  s to p p e re d  tu b e s . 0.2 ml o f  th e  p lasm a sam p les and 5 m l o f  
e th y l  a c e ta t e  was added to  each  tu b e . The tu b e s  w ere s to p p e re d , 
shaken  f o r  te n  m in u te s  on a  slow  r o ta r y  m ix er and c e n t r i f u g e d  f o r  
f i v e  m in u tes  a t  3000 r.p.m .
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3 ml o f  th e  c l e a r  s u p e rn a ta n t  s o lu t io n  was t r a n s f e r r e d  in t o  
10 m l g l a s s  tu b e s  an d  0 .5  m l o f  a c e t o n i c  2 N HCl ( f r e s h l y  
p re p a re d ) was added , v o r te x e d  th o r o u g h ly  on  r o t a m ix e r .
0 .5  m l o f  0.1% a c e t o n i c  s o l u t i o n  o f  so d iu m  n i t r i t e  w as 
added, v o r te x e d  and l e f t  f o r  s ix  m in u te s  a t  room te m p e ra tu re .
0 .5  m l o f  5% a c e to n ic  s o lu t io n  o f  su lpham ic  a c id  was added , 
v o r te x e d  and l e f t  f o r  th r e e  m in u te s  a t  room te m p e ra tu re .
0 .5  m l o f  0.1% a c e t o n i c  s o l u t i o n  o f  a - n a p h t h y l e t h y l e n e ­
d iam ine  d ih y d ro c h lo r id e  was added and v o r te x e d .
F in a l ly  0.5 ml o f  m ethano l was added and v o r te x e d  th o ro u g h ly  
u n t i l  a  homogenous l i q u id  p h ase  was form ed.
The tu b e s  w e re  c o v e re d  by  a lu m in iu m  f o i l  an d  l e f t  f o r  20 
m in u te s  a t  room  t e m p e r a t u r e .  The e x t i n c t i o n  o f  t h e  m e a su re d  
s o lu t io n  was m easured s p e c tro p h o to m e tr ic a l ly  u s in g  an  a b s o rp t io n  
s p e c tro m e te r  (Pye Unicam SP8.500 UV/VIS s p e c t r o p h o to m e te r )  a t  a  
wave le n g th  o f  545 nm.
(1) 2 .2 .3  P re p a ra t io n  o f  s ta n d a rd s  and r e c o v e r ie s
S to c k  s o l u t i o n  o f  1000 jug.ml o f  e a c h  s u lp h o n a m id e  (p u re  
com pound) w as p r e p a r e d  by  d i s s o l v i n g  1 0 0  ml o f  th e  a p p r o p r ia te  
su lphonam ide in  a  100 ml v o lu m e tr ic  f l a s k  i n  1 ml o f  1 N aqueous 
s o lu t io n  o f  Nadfe and th e  f l a s k  was im m e d ia te ly  f i l l e d  up to  th e  
m a r k  w i t h  a  s o r e n s e n  p h o s p h a t e  b u f f e r  (p H  8 . 0 )  
(33 .83  g Na2 HP0 ^.2 H2 0  and 1.36 g  K ^PO^ com ple ted  w ith  d i s t i l l e d  
w a te r  t o  1 l i t r e ) .
S to c k  s t a n d a r d  s o l u t i o n  c o n t a i n i n g  100 , 80 , 7 0 , 5 0 , 3 0 , 2 0 , 
15 , 10 , 5 an d  2 ^ig.m l o f  e a c h  s u lp h o n a m id e  w e re  p r e p a r e d  by  
d i s s o lv in g  known am ounts o f  th e  s to c k  s o lu t io n  ( 1 0 0 0  pg .m l- ^ ) i n  
so re n se n  ph o sp h a te  b u f f e r  (pH 8 ) .
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0 . 2  m l a l iq u o t s  o f  d r u g - f r e e  p lasm a w ere m ixed w ith  0 . 2  m l 
o f  th e  a p p ro p r ia te  s o lu t io n  in  b u f f e r  t o  y ie ld  c o n c e n tr a t io n s  o f  
100 , 8 0 , 7 0 , 5 0 , 3 0 , 2 0 , 1 5 , 10 , 5 an d  2 p g .m l-  ^ i n  p la s m a . E ach  
p la s m a  c o n c e n t r a t i o n  w as a n a ly s e d  by th e  s ta n d a rd  m ethod. The 
c o n c e n tra t io n  o f  d ru g  in  th e  p lasm a was c a lc u la te d  by p l o t t i n g  a 
s ta n d a rd  g rap h  o f  c o n c e n tra t io n  v e rs u s  p h o to m e tric  r e a d in g .
(1) 3 B ind ing  o f  su lphonam ides t o  sheep  plasm a p r o te in s
The e x t e n t  o f  b in d in g  o f  s u lp h a d o x in e ,  s u l p h a d i a z i n e  an d  
s u lp h a tro x a z o le  was d e t e r m in e d  in  v i t r o  u s in g  t h e  e q u i l i b r i u m  
d i a l y s i s  method o f  Rehberg (1943 ).
D u p l i c a t e  p la s m a  s a m p le s  c o n t a i n i n g  100 p g .m l-  ^ o f  t h e  
a p p r o p r i a t e  s u lp h o n a m id e  w e re  in t r o d u c e d  i n t o  d i a l y s i s  t u b e s  
(V isk ing  tu b e  s i z e  1 -8 /3 2 "  M e d ic e ll I n t e r n a t io n a l  L td ., London).
The e n d s  o f  t h e  d i a l y s i s  tu b e s  w e re  t i e d  s e c u r e l y  an d  w a sh e d  
u n d er ru n n in g  ta p  w a te r  t o  remove any c o n ta m in a tio n .
The d i a l y s i s  tu b e  w as in t r o d u c e d  i n t o  a  50 m l g l a s s -  
s to p p e re d  tu b e  and f i l l e d  p a r t i a l l y  w ith  g la s s -b e a d s . The tu b e s  
w e re  s to p p e r e d  an d  c e n t r i f u g e d  f o r  35 m in u te s  a t  10°C a t  
3500 x  g .
P la sm a  u l t r a f i l t r a t e s  c o l l e c t e d  o u ts id e  th e  d i a l y s i s  tu b e  
w e re  a n a ly s e d  f o r  t h e  c o n c e n t r a t i o n  o f  t h e  f r e e  s u lp h o n a m id e  
u s in g  th e  s ta n d a rd  m ethod (R e id e r  1972).
(1) 3.1 C a lc u la t io n  o f  th e  p e rc e n ta g e  b in d in g
The p e r c e n ta g e  b in d in g  o f  su lp h o n a m id e  t o  p la sm a p r o te in s  
was c a lc u la te d  u s in g  th e  fo rm u la : -
P e rc e n ta g e  C o n c e n tra tio n  o f  d ru g  i n  p lasm a u l t r a f i l t r a t e
b in d in g  = 1 0 0  -    x  1
C o n c e n tra tio n  o f  d ru g  in  w hole p lasm a
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(1) 4 E xperim en ts w ith  tr im e th o p rim -  sulphonam ide co m b in a tio n
(1) 4.1 Anim als
S ix  e x p e r im e n t s  w e re  p e r fo rm e d  on s i x  c l i n i c a l l y  h e a l t h y  
sheep . The sheep  w ere o f  m ixed b re e d  and sex , w eig h in g  be tw een  
30 -  70 kg and aged  1 - 2  y e a r s  o ld .
The i n t e r v a l s  betw een  each  ex p e rim e n t ranged  from  one to  tw o 
w eeks.
The a n im a ls  w ere k e p t on c o n c re te  s t a l l s  co v ered  w ith  s t r a w , 
f e d  h ay  and  c o n c e n t r a t e s .  W a te r  w as a v a i l a b l e  ad  l i b i t u m .
I n  som e e x p e r im e n t s  f i v e  s h e e p  w e re  u s e d ,  i n  o t h e r s  s i x .  
T h ro u g h o u t t h i s  s e r i e s  o f  e x p e r im e n t s ,  t h e  sam e s h e e p  c a n  b e  
i d e n t i f i e d  by an im al number.
(1) 4 .2  A d m in is tra tio n  o f  th e  d ru g
I n  e a c h  e x p e r i m e n t ,  t h e  c o m b in e d  p r e p a r a t i o n  o f  
tr im e th o p rim /su lp h o n a m id e  was a d m in is te re d  t o  each  a n im a l a t  th e
recom m ended  d o s e  r a t e  o f  15 m g.kg b o d y w e ig h t o f  t h e  a c t i v e
—  1 —  1i n g r e d i e n t s  (1 2 .5  m g .k g  s u lp h o n a m id e  + 2 .5  m g .k g  o f
tr im e th o p r im ) .
(1) 4 .3  Samples f o r  a n a ly s i s
B lo o d  s a m p le s  w e re  w ith d ra w n  fro m  t h e  j u g u l a r  v e i n  u s in g  
h e p a r in is e d  s y r in g e s  "M onovette, S a r s te d t "  20 gauge 1" n e e d le s .
Im m e d ia te ly  a f t e r  c o l l e c t i o n ,  t h e  b lo o d  s a m p le s  w e re  
c e n t r i f u g e d  f o r  t e n  m in u te s  a t  2500 r .p .m . an d  t h e  p la s m a  w as 
t r a n s f e r r e d  i n t o  1 0 m l p l a s t i c  tu b e s  an d  s t o r e d  a t  -2 0 °C  u n t i l  
a n a ly se d .
(1) 4 .4  E xperim en ts w ith  tr im e th o p rim -su lp h a d o x in e
A group o f  s ix  sheep  r e c e iv e d  an  in tra v e n o u s  a d m in is t r a t io n
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o f  tr im e th o p rim -su lp h a d o x in e  ( T r iv e t r in  i n j e c t a b l e  s o l u t i o n  24% 
w /v  [POM] Coopers) in  th e  r i g h t  ju g u la r  v e in . B lood sam p les  w ere 
c o l l e c t e d  fro m  t h e  l e f t  j u g u l a r  v e i n  b e f o r e  an d  a t  0 .2 5 , 0 .5 0 , 
0 .7 5 ,  1 .0 0 ,  1 .5 0 ,  2 .0 0 ,  2 .5 0 ,  3 .0 0 ,  4 .0 0 ,  5 .0 0 ,  6 .0 0 ,  8 .0 0 ,  
12.00, 24.00 and 27.00 h o u rs  a f t e r  d ru g  a d m in is t r a t io n .
Two w eek s l a t e r ,  t h e  g ro u p  o f  s i x  s h e e p  w e re  d i v i d e d  i n t o  
tw o  g ro u p s .  G roup I  s h e e p  r e c e i v e d  t h e  i n j e c t a b l e  p r e p a r a t i o n  
( T r i v e t r i n  24% w /v  [POM]) a s  a n  i n t r a m u s c u l a r  i n j e c t i o n  a t  o n e  
s i t e  i n  th e  g lu t e a l  m uscle . Group I I  re c e iv e d  th e  in t r a m u s c u la r  
i n j e c t i o n  a t  th r e e  d i f f e r e n t  s i t e s  i n  th e  g lu t e a l  m uscle .
A f te r  tw o w eeks, th e  i n j e c t a b l e  p r e p a ra t io n  was a d m in is te re d  
in t r a m u s c u la r ly  a t  th r e e  d i f f e r e n t  s i t e s  t o  sheep  i n  Group I  and 
a t  one s i t e  t o  sheep  in  Group I I .
B lo o d  s a m p le s  w e re  c o l l e c t e d  b e f o r e  an d  a t  0 .5 , 1 , 2 , 3 , 4 , 
6 , 8 , 12 , 24 an d  27 h o u r s  a f t e r  d ru g  a d m i n i s t r a t i o n  an d  t h e  
p lasm a was c o l le c te d  a s  d e s c r ib e d  i n  (1) 4 .3 .
(1) 4 .5  E xperim en ts w ith  tr im e th o p r im -s u lp h a d ia z in e
Two d i f f e r e n t  p r e p a r a t i o n s  o f  th e  com bined fo rm u la t io n  o f  
t r im e th o p r im -s u lp h a d ia z in e  w ere u se d .
F iv e  s h e e p  r e c e i v e d  a n  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  
t r im e th o p r im -s u lp h a d ia z in e  ( T r ib r i s s e n  i n j e c t a b l e  su sp e n s io n  24% 
w /v  [POM] C o o p e rs ) . Two w eek s  l a t e r ,  t h e  s h e e p  r e c e i v e d  t h e  
o th e r  in j e c t a b l e  su sp e n s io n  "D uphatrim " 24% w /v  (POM) Duphar.
B lo o d  s a m p le s  w e re  c o l l e c t e d  b e f o r e  an d  a t  0 .5 , 1 , 2 , 3 , 4 , 
6 , 8 , 1 2 , 24 a n d  27 h o u r s  a f t e r  a d m i n i s t r a t i o n  o f  e a c h  
p r e p a r a t io n .
(1) 4 .6  E xperim ents w ith  tr im e th o p r im -s u lp h a tro x a z o le
F iv e  s h e e p  r e c e i v e d  an  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f
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tr im e th o p r im -s u lp h a tro x a z o le  (L eo trox  i n j e c t a b l e  s o lu t io n  24% w /v 
[POM] L eo ). B lo o d  s a m p le s  w e re  c o l l e c t e d  b e f o r e  an d  a t  0 .5 , 1 , 
2 ,  3 , 4 , 6 , 8 , 1 2 , 2 4 ,  2 7 ,  3 2 , 48 a n d  51 h o u r s  a f t e r
in t r a m u s c u la r  a d m in is t r a t io n .
A f u r t h e r  e x p e r im e n t  w as c a r r i e d  o u t  u s in g  t h r e e  s h e e p  o f  
t h e  F in n - D o r s e t  x  b r e e d ,  w e ig h in g  b e tw e e n  40 -  42 kg  an d  a g e d  
b e tw e e n  1 0 -1 2  m o n th s . The s h e e p  r e c e i v e d  a n  in t r a v e n o u s  
a d m in is t r a t io n  o f  tr im e th o p r im -s u lp h a tro x a z o le  (L eo tro x  24% w /v) 
in  th e  l e f t  ju g u la r  v e in . B lood sam p les w ere c o l le c t e d  from  th e  
r i g h t  j u g u l a r  v e i n  b e f o r e  an d  a t  0 .2 5 , 0 .5 0 , 0 .7 5 , 1 , 1 .5 , 2 , 
2 .5 , 3 , 4 , 5 , 6 , 8 , 12 , 2 4 , 27 , 32 , 48 an d  51 h o u r s  a f t e r  t h e  
in tra v e n o u s  a d m in is t r a t io n .
T rea tm en t o f  b lo o d  sam ples w as a s  d e s c r ib e d  in  (1) 4 .3 .
(1) 5 R e s u l ts
(1) 5.1 E xperim ent w ith  tr im e th o p rim -su lp h a d o x in e
A f t e r  i n t r a v e n o u s  a d m i n i s t r a t i o n ,  t h e  c o n c e n t r a t i o n s  o f  
tr im e th o p r im  and su lp h ad o x in e  in  in d iv id u a l  sheep  and th e  mean 
c o n c e n t r a t i o n  +_ S.E.M. i n  p la sm a  a r e  show n i n  T a b le  (1) 1. The 
c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  an d  s u lp h a d o x in e  i n  p la s m a  
p l o t t e d  a g a i n s t  t im e  on  a  s e m i l o g a r i t h m i c  a x i s  a r e  show n i n  
F ig u re s  ( 1 ) 1  a n d  ( 1 ) 2  r e s p e c t i v e l y .
The d i s p o s i t i o n  cu rv e? o f tr im e th o p rim  and su lp h ad o x in e  w hich  
w ere a n a ly se d  u s in g  th e  n o n - l in e a r  i t e r a t i v e  l e a s t  sq u a re  c u rv e -  
f i t t i n g  programm e CSTRIP (Sedman and Wagner 1976) was found to  be  
b e s t  d e s c r i b e d  by  a  tw o  c o m p a r tm e n t o p en  m o d e l f i t t e d  t o  t h e  
e q u a t io n  C = Ae~ + B e ' The v a l u e s  o f  t h e  k i n e t i c
p a r a m e te r s  o f  t r i m e t h o p r i m  an d  s u lp h a d o x in e  o b ta in e d  fro m  t h e
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a n a ly s i s  a r e  l i s t e d  i n  T ab le  (1) 2 and (1) 3 r e s p e c t iv e ly .
F o l lo w in g  t h e  i n t r a m u s c u l a r  a d m in is t r a t io n ,  a b s o rp t io n  o f  
t r i m e t h o p r i m  an d  s u lp h a d o x in e  w as r a p i d  an d  t h e  maximum 
c o n c e n tra t io n s  o f  tr im e th o p r im  and su lp h ad o x in e  o c c u rre d  a t  1 and 
2  h o u rs  r e s p e c t iv e ly  a f t e r  th e  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  a t  
b o th  o n e  a n d  t h r e e  s i t e s  r e s p e c t i v e l y  (T a b le s  ( 1 ) 4  an d  (1)  5 ) . 
F ig u re  (1) 3 shows mean c o n c e n tra t io n  o f  su lp h ad o x in e  i n  p lasm a 
fo llo w in g  a d m in is t r a t io n  o f  T r i v e t r i n  a t  one in tra m u s c u la r  s i t e .
The p la sm a  c o n c e n t r a t i o n / t i m e  c u r v e s  o f  t r i m e t h o p r i m  an d  
su lp h ad o x in e  a f t e r  in t r a m u s c u la r  a d m in is t r a t io n  a t  one and th r e e  
s i t e s  show ed  t h a t  b o th  d r u g s  w e re  e l i m i n a t e d  f ro m  p la s m a  i n  
a c c o r d a n c e  w i th  a  tw o  c o m p a r tm e n t o p en  m o d e l. V a lu e s  o f  t h e  
k i n e t i c  p a r a m e te r s  w h ic h  d e s c r i b e s  t h e  AUC, a b s o r p t i o n  an d  
e l i m i n a t i o n  p h a s e s  o f  t r i m e t h o p r i m  an d  s u lp h a d o x in e  i n  s h e e p  
a f t e r  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  a t  o n e  an d  t h r e e  s i t e s  a r e  
shown in  T ab le  ( 1 ) 6 .
The b i o a v a i l a b i l i t i e s  o f  s u lp h a d o x in e  and  t r i m e t h o p r i m  
c a l c u l a t e d  a s  t h e  r a t i o  o f  t h e  a v e r a g e d  AUC i.m ./AUC i . v .  w e re  
found t o  be  81 and 87% r e s p e c t iv e ly .
(1) 5 .2  E xperim en ts w ith  tr im e th o p r im -s u lp h a d ia z in e
The c o n c e n t r a t i o n s  o f  s u l p h a d i a z i n e  i n  p la s m a  f o l l o w i n g  
in t r a m u s c u la r  a d m in is t r a t io n  o f  T r ib r i s s e n  and D uphatrim  t o  f i v e  
sheep  a r e  shown in  T ab le  (1) 7 and (1) 8  r e s p e c t iv e ly .
The mean maximum c o n c e n tra t io n s  o f  s u lp h a d ia z in e  i n  p la sm a 
o f  42 and 33 ^lg.ml o c c u rre d  a t  1 h o u r a f t e r  a d m in is t r a t io n  o f  
T r i b r i s s e n  an d  D u p h a tr im  r e s p e c t i v e l y  ( F ig u r e s  ( 1 ) 3 .
A tw o  c o m p a r tm e n t o p en  m o d e l w as fo u n d  t o  b e s t  f i t  t h e  
p la s m a  c o n c e n t r a t i o n s  t im e  d a t a  o f  s u l p h a d i a z i n e  f o l l o w i n g
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a d m in is t r a t io n  o f  T r ib r i s s e n  and D uphatrim .
H a lf  l i v e s  i n  t h e  a b s o r p t i o n  ( t  1 /2  a )  an d  e l i m i n a t i o n  
( t  1 / 2 ff) p h a s e s  c a l c u l a t e d  f ro m  t h e  c o m p u te r  g e n e r a t e d  
p h a rm a c o k in e tic  c o n s ta n ts  (A, a  , B, f t ) o f  s u lp h a d ia z in e  fo llo w in g  
i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  T r i b r i s s e n  an d  D u p h a tr im  a r e  
i l l u s t r a t e d  in  T ab le  (1) 9 .
T rim eth o p rim  was n o t d e te c te d  in  th e  p lasm a sam p les  a t  th e  
l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  (0 .10  jug.m l- ^ ). H ow ev er, 
s a m p l e s  b e t w e e n  0 .5  a n d  6  h o u r s  c o n t a i n e d  " t r a c e s 11 o f  
tr im e th o p rim  ( i . e .  < 0 . 1 0  p g .m l ' ) .
(1) 5 .3  E xperim en ts w ith  tr im e th o p r im -s u lp h a tro x a z o le
T h e  p l a s m a  c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  a n d  
s u l p h a t r o x a z o l e  i n  e a c h  a n im a l  and  t h e  m ean ±  S.E.M. a f t e r  
i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  L e o t r o x  a r e  t a b u l a t e d  i n  
T ab le  (1) 10.
The m ean c o n c e n t r a t i o n  o f  s u l p h a t r o x a z o l e  i s  r e p r e s e n t e d  
g r a p h ic a l ly  in  F ig u re  (1) 3.
T he p h a r m a c o k i n e t i c  p a r a m e t e r s  f o r  t r i m e t h o p r i m  an d  
s u lp h a tro x a z o le  a d m in is te re d  i n t r a m u s c u l a r l y  t o  f i v e  s h e e p  a r e  
i l l u s t r a t e d  i n  T ab le  (1) 11.
F o l lo w in g  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  L e o t r o x ,  t h e  
maximum p lasm a c o n c e n tra t io n s  o f  s u lp h a tro x a z o le  and tr im e th o p r im  
o c c u rre d  a t  1 and 0 .5  h o u rs  r e s p e c t iv e ly .
T ab le  (1) 12 an d  F ig u r e  ( 1 ) 4  show s t h e  c o n c e n t r a t i o n s  o f  
s u l p h a t r o x a z o l e  i n  p l a s m a  f o l l o w i n g  t h e  i n t r a v e n o u s  
a d m in is t r a t io n .
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Mean e l i m i n a t i o n  h a l f - l i f e  o f  s u l p h a t r o x a z o l e  a f t e r  
i n t r a v e n o u s  a d m i n i s t r a t i o n  w as fo u n d  to  b e  11.70 +_ 1.00 h. The 
k i n e t i c  p a r a m e te r s  o f  s u l p h a t r o x a z o l e  a r e  i l l u s t r a t e d  i n  
T ab le  (1) 13.
T he  p e r c e n t a g e  b i o a v a i l a b i l i t i e s  o f  s u l p h a t r o x a z o l e  
( c a lc u la te d  a s  th e  r a t i o  o f  th e  mean AUC i.m./AUC i.v .)  was found 
t o  be 8 8 .
(1) 5 .4  B in d in g  o f  su lphonam ides t o  sheep  plasm a p r o te in s
D e te rm in a tio n  o f  th e  c o n c e n tra t io n s  o f  th e  f r e e  su lphonam ide  
in  th e  p lasm a u l t r a f i l t r a t e s ,  o b ta in e d  a f t e r  d i a l y s i s ,  a c c o rd in g  
t o  th e  m ethod o f  R e id e r  (1972) d e m o n s tra te d  t h a t  th e  p e rc e n ta g e  
o f  b in d in g  o f  s u lp h a d o x in e ,  s u l p h a d i a z i n e  an d  s u l p h a t r o x a z o l e  
w ere 50, 14 and 70 p e rc e n t  r e s p e c t iv e ly .
29
TABLE (1 )  1
ODNdENERATIGNS (p g .m l- 1 ) OF SULPHADOXINE/TEaMETB3PRIM IN 
PLASMA POOJOWING AN INTRAVENOUS ADMINISIRATTCN OF TRIVETRIN 
AT A TOTAL DOSE RATE OF 15 m g.kg-1 B0DYWEK3TT OF ACTIVE 
INGREDIENTS (1 2 .5  m g.kg-1 SULPHADOXINE 
PLUS 2 .5  m g.kg-1 TRIMETHOPRIM).
30
Time Animal number
(h o u rs) 1 9 39 41 75 8 8 Mean +_ S.E.M.
S u lphadox ine
0 .25 52 64 72 80 65 71 67 + 3 .8
0 .5 0 48 52 62 72 55 60 58 + 3 .4
0 .75 45 49 55 64 53 48 52 + 2 .7
1 . 0 0 42 47 53 57 49 46 49 + 2 .0
1 .50 39 45 42 46 45 43 4 3 + 1 . 0
2 . 0 0 37 43 40 42 37 38 4 0 + 1 . 0
2 .50 34 37 31 40 35 35 3 5 + 1 . 0
3 .00 30 33 29 34 32 33 34 + 0 .8
4 .00 26 30 24 27 29 2 1 2 6 + 1 . 3
5 .0 0 23 26 2 0 23 26 19 2 3 + 1 . 2
6 . 0 0 19 2 1 13 2 0 2 2 16 19 + 1 . 4
8 . 0 0 1 2 13 1 0 13 16 1 1 13 + 0 . 8
1 2 . 0 0 5 3 5 8 1 1 17 8  + 2 . 0
24.00 0 0 0 0 4 0 0
27.00 0 0 0 0 0 0 0
T rim ethoprim
0 .2 5 1 . 6 2 . 0 1 . 8 1 . 6 1 .5 2 . 0 1 . 6  + 0 . 2 0
0 .5 0 1 . 0 1 . 0 1 .4 1 . 0 0 . 8 0 .7 1 . 0  + 0 . 1 0
0 .75 0 . 6 0 . 8 1 . 0 0 . 6 0 . 6 0 .5 0 .7  + 0 .0 7
1 . 0 0 0 .3 0 .5 0 .7 0 .4 0 .3 0 .3 0 .4  + 0 . 0 6
1 .50 0 . 2 0 .4 0 .4 0 . 2 0 . 2 0 . 1 0 .3  + 0 .0 5
2 . 0 0 0 . 2 0 . 2 0 .3 0 0 0 0.1 + 0 .0 5
2 .50 0 0 . 1 0 . 2 0 0 0 0
3 .0 0 0 0 0 . 1 0 0 0 0
4 .00 0 0 0 0 0 0 0
5 .0 0 0 0 0 0 0 0 0
6 . 0 0 0 0 0 0 0 0 0
8 . 0 0 0 0 0 0 0 0 0
1 2 . 0 0 0 0 0 0 0 0 0
24.00 0 0 0 0 0 0 0
27 .00 0 0 0 0 0 0 0
31
TABLE (1 )  2
DISPOSITION KINETICS OF TRIMETHOPRIM IN SHEEP (n=6) AFTER 
SINGLE INTRAVENOUS ADMINISTRATION OF TRIVETRIN AT A TOTAL DOSE 
RATE OF 15 m g.kg” 1 BODYWEIGHT (1 2 .5  m g.kg-1 SULPHADQXINE 
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TABLE (1 )  3
DISPOSITION KINETICS OF SULPHADQXINE IN SHEEP (n=6) 
FOLLOWING A SINGLE DSTERAVENOUS ADMINISTRATION OF 
TRIVEHON AT A TOTAL DOSE RATE OF 15 m g.kg-1 BODYWEIGHP 
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TABLE (1 )  4
(XNCENTRATIONS (p g .m l- 1 ) OF SULPHADQXINE/TRIME!TBDFRIM 
IN PLASMA AFTER INTRAMUSCULAR ADMINISTRATION OF ,,TRIVEBRINf, 
AT ONE SITE AT A TOTAL DOSE RATE OF 15 m g.kg-1 OF ACTIVE 
INGREDIENTS (1 2 .5  m g.kg"1 SULPHADQXINE PLUS
2 .5  m g.kg"1 TRIMETHOPRIM).
36
Time
(h o u rs) 1 9
Sheep number 
39 41 75 88
— Mean + S.E.M .
S u lphadox ine
0 0 0 0 0 0 0 0
0 .5 20 7 28 26 16 25 20 + 3 .0
1 28 17 39 34 28 33 30 + 3 .0
2 34 23 35 30 37 34 32 + 2 .0
3 32 27 28 26 33 26 29 + 1 .0
4 27 22 23 21 31 21 24 + 2 .0
6 22 16 15 15 29 14 19 + 2 .0
8 20 11 10 12 20 8 14 + 2 .0
12 13 5 4 7 12 2 7 + 2 .0
24 0 0 0 0 0 0 0
T rim ethoprim
0 0 0 0 0 0 0 0
0 .5 0 .5 0 .3 0 .5 0 .4 0 .3 0 .5 0 .4 + 0 .0 4
1 0 .6 0 .5 0 .8 0 .2 0 .4 0 .6 0 .5 + 0 .0 8
2 0 .3 0 .4 0 .4 0 .2 0 .3 0 .3 0 .3 + 0 .03
3 0 .2 0 .2 0 .3 0.1 0 .3 0.1 0 .2 + 0 .0 3
4 0.1 0.1 0 .2 0 0 .2 0 0.1 + 0 .0 3
6 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0
37
TABLE (1 )  5
(XWCENTRATIONS (p g .m l- 1 ) OF SOLPBADQXINE/'miMEIHJEKEM IN 
PLASMA AFTER 3OTRAMUSOJLAR ADMINISIRATIGN CF ,,TRIVEIRIN,, 
AT THREE SITES AT A TOTAL DOSE RATE OF 15 m g.kg” 1 OF ACTIVE 
INGREDIENTS (1 2 .5  m g.kg” 1 SULPHADQXINE PLUS
2 .5  m g.kg” 1 TRIMETHOPRIM) •
38
Time




41 75 8 8
— Mean + S.E.M .
S u lphadox ine
0 0 0 0 0 0 0 0
0 .5 27 9 2 0 17 13 30 19 + 3 .0
1 37 16 29 2 1 2 0 38 27 + 4 .0
2 35 25 34 25 29 35 31 + 2 . 0
3 28 24 30 24 34 29 28 + 2 . 0
4 2 0 23 25 2 2 35 25 25 + 2 . 0
6 1 2 2 0 18 14 31 18 19 + 3 .0
8 6 15 1 2 8 29 14 14 + 3 .0
1 2 0 9 7 0 13 8 6 + 2 . 0
24 0 0 0 0 0 0 0
T rim ethoprim
0 0 0 0 0 0 0 0
0 .5 0 .5 0 .4 0 . 6 0 . 2 0 .3 0 .5 0 .4 + 0 .0 5
1 0 . 6 0 .5 0 .7 0 .4 0 .4 0 . 6 0 .5 + 0 .0 4
2 0 .3 0 .4 0 .5 0 .3 0 .3 0 .3 0 .4 + 0 .0 3
3 0 . 2 0 .3 0 .3 0 . 1 0 . 2 0 . 2 0 . 2 + 0 .0 3
4 0 . 1 0 . 1 0 . 2 0 . 1 0 . 1 0 . 1 0 . 1 + 0 . 0 1
6 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
1 2 0 0 0 0 0 0 0
24 0 0 0 0 0 0 0
39
TABLE (1 )  6
VALUES OF THE KINETIC PARAMETERS OF SULPHADQXINE AND 
TRIMETHOPRIM FOLLOWING INTRAMUSCULAR ADMINISTRATION OF TRIVETRIN 
AT ONE SITE ( I )  AND AT THREE SITES ( I I I )  AT A TOTAL DOSE RATE 
OF 15 m g.kg"1 BODYWEK3JT (1 2 .5  and  2 .5  m g.kg"1 
SULPHADQXINE AND TRIMETHOPRIM RESPECTIVELY) .
40
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TABLE ( 1 ) 7
aQNOEKIRArrONS (p g .m l- 1 ) CF SULPHADIAZINE IN  PLASMA AFTER 
INTRAMUSCULAR ADMINISTRATION CF "TKEBRISSEN" AT A TOTAL DOSE 
RATE CF 15 m g.kg"1 OF ACTIVE INGREDIENTS (1 2 .5  m g.kg” 1 
SULPHADIAZINE ELCJS 2 .5  m g.kg” 1 TRIMETHOPRIM).
42
Time
(h o u rs) 1 39
Sheep number 
41 75 8 8 Mean + S.E.M .
0 0 0 0 0 0 0
0 .5 47 39 42 38 38 41 + 2 . 0
1 42 42 43 41 39 42 + 1 . 0
2 31 35 33 32 34 33 + 1 . 0
3 25 27 2 2 26 26 25 + 1 . 0
4 18 19 15 2 1 19 18 + 1 . 0
6 1 1 1 2 7 13 1 0 1 1 + 1 . 0
8 8 9 3 9 6 7 + 3 .0
1 2 4 5 0 5 3 3 + 1 . 0
24 0 0 0 0 0 0
43
TABLE (1 )  8
(XNOEHTRATIONS (pg.m g- 1 ) OF SULPHADIAZINE IN PLASMA AFTER 
INTRAMUSCULAR ADMINISTRATION OF "DUPHAmrM" AT A TOTAL DOSE RATE 
OF 15 m g.kg-1 OF ACTIVE INGREDTFNTS (1 2 .5  m g.kg-1 SULPHADIAZINE 
PLUS 2 .5  m g.kg-1 TRIMETHOPRIM).
44
Time
(h o u rs) 1 39
Sheep number 
41 75 8 8 Mean + S.E.M .
0 0 0 0 0 0 0
0 .5 2 2 7 41 37 34 28 + 6 . 0
1 31 15 40 41 38 33 + 5 .0
2 26 27 30 33 30 29 + 1 . 0
3 17 28 23 26 23 23 + 2 . 0
4 14 23 16 19 16 18 + 2 . 0
6 9 14 8 1 1 9 1 0 l+ • o
8 5 8 4 7 6 6 + 1 . 0
1 2 0 4 0 4 3 2 + 1 . 0
24 0 0 0 0 0 0
45
TABLE (1 )  9
VALUES OF THE PHARMACOKINETIC CONSTANTS OF SULPHADIAZINE 
IN SHEEP (n=5) POLLOWING INTRAMUSCULAR ADMINISTRATION OF 
TRIBRISSEN AND DUPHATRIM AT A TOTAL DOSE RATE OF 15 m g.kg-1 
BODYWEIGHT (1 2 .5  m g.kg-1 SULPHADIAZINE PLUS
2 .5  m g.kg-1 TRIMETHOPRIM).
46
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TABLE (1 )  10
aaraaWRATTONS (p g .m l- 1 ) OF SULPHAmJXAZOQJS/ORIMEriHDIIRIM 
IN PLASMA AFTER INIRAMOSOILAR ADMINISTRATION OF "LEEHRaX" 
AT A TOTAL DOSE RATE OF 15 m g.kg-1 OF ACTIVE INGREDIENTS 
(1 2 .5  m g.kg-1 SDLPHA3RQXAZQLE PLUS 2 .5  m g.kg-1 TRIMETHOPRIM) •
48
Time
(h o u rs)
Sheep number
1 39 41 75 8 8  Mean + S.E.M .
S u lp h a tro x a z o le
0 0 0 0 0 0 0
0 .5 60 57 6 6 63 58 61 + 2 .
1 64 69 73 75 67 70 + 2 .
2 58 72 62 74 69 67 + 3 .
3 52 65 57 6 6 57 59 ±  3 .
4 44 59 41 61 53 52 + 4 .
6 33 48 33 48 41 41 + 4 .
8 31 39 26 43 34 35 + 3 •
1 2 2 1 28 17 33 27 25 + 3 .
24 8 1 1 6 17 17 1 2 + 2 .
27 7 8 5 14 1 2 9 + 2 .
32 4 6 3 1 1 1 1 7 ±  2 .
48 0 0 0 5 3 2 + 1 .
51 0 0 0 0 0 0
T rim ethoprim
0 0 0 0 0 0 0
0 .5 0 .5 0 .4 0 .5 0 .4 0 . 6 0 .4 ±  °-
1 0 .3 0 .3 0 .3 0 .5 0 .4 0 .4 + 0  •
2 0 . 1 0 .3 0 . 1 0 . 2 0 .3 0 . 2 + 0 .
3 0 0 . 2 0 0 0 . 1 0 . 1 + 0 .
4 0 0 0 0 0 0
6 0 0 0 0 0 0
8 0 0 0 0 0 0
1 2 0 0 0 0 0 0
24 0 0 0 0 0 0
27 0 0 0 0 0 0
32 0 0 0 0 0 0
48 0 0 0 0 0 0


















TABLE (1 )  11
VALUES OF PHARMACOKINETIC PARAMETERS OF TRIMETHOPRIM AND 
SULPHATROXAZOLE IN SHEEP FOLLOWING A SINGLE INTRAMUSCULAR 
ADMINISTRATION OF IEOTRQX AT A TOTAL DOSE RATE OF 15 m g.kg-1 
















TABLE (1 )  12
(DNCENIRATTCNS (p g .m l” 1 ) OF SULPHATRQXAZOLE IN PLASMA AFTER 
A SLOW INTRAVENOUS ADMINISTRATION OF 'fcEJOTRQX*1 AT A TOTAL 
DOSE RATE OF 15 m g.kg” 1 OF THE ACTIVE INGREDIENTS 
(1 2 .5  m g.kg” 1 SULPHATROXAZOLE ELDS 2 .5  m g.kg” 1 TRIMETHOPRIM.
52
Time
(h o u rs) 91
Sheep number 
92 99 Mean + S .E .*
0 .2 5 6 6 8 6 81 78 + 6 . 0
0 .5 0 73 82 70 75 + 3 .0
0 .7 5 79 80 6 6 75 + 4 .0
1 77 75 63 72 + 4 .0
1 .5 75 69 58 67 + 5 .0
2 74 63 56 64 + 5 .0
2 .5 6 6 60 53 60 + 4 .0
3 65 54 50 56 + 4 .0
4 64 48 45 52 + 6 . 0
5 63 42 41 49 + 7 .0
6 62 42 40 48 + 7 .0
8 50 35 34 40 + 5 .0
1 2 43 26 23 31 + 6 . 0
24 24 1 2 13 16 + 4 .0
27 2 1 1 0 8 13 + 4 .0
32 16 8 7 1 0 + 3 .0
48 7 0 0 2 + 2 . 0
51 6 0 0 2 + 2 . 0
53
TABLE (1 )  13
DISPOSITION KINETICS OF SaLPHA3ROXAZOUS IN KHKKP (n=3) 
PQLDOWING A SINGLE IN3RAVEN0US ADMINIS3KATION OF LEDTRQX AT 
A TOTAL DOSE RATE OF 15 mg. kg-1 BODYWEK30T 
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FIGURE (1 )  1
SEMII/DGARITHMIC PLOT OF TRIMETHOPRIM (XXTCENTRATTGNS (p g .m l- 1 ) 
IN PLASMA VERSUS TIME OBTAINED FOLLOWING A SINGLE INTRAVENOUS 
ADMINISTRATION OF TRIVE7ERIN AT A TOTAL DOSE RATE OF 
15 m g.kg-1 OF ACTIVE INGREDIENTS (1 2 .5  m g.kg-1 SULPHADQXINE 
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FIGURE (1 )  2
SM IflGftRTfflM IC PLOT OF SULPHADOXINE CONCQjaPATIGNS (p g .m l- 1 ) 
IN PLASMA VERSUS TIME OBTAINED AFTER SINGLE INTRAVENOUS 
ADMINISTRATION OF TRIVETRIN AT A TOTAL DOSE RATE OF 
15 m g.kg-1 OF ACTIVE INGREDIENTS (1 2 .5  m g.kg"1 SULPHADQXINE 
PLUS 2 .5  m g.kg-1 TRIMETHJERIM).
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FIGURE (1 )  3
MEAN CONCENTRATIONS (p g .m l- 1 ) OF SULPHADOXINE, 
SULPHADIAZINE, SULPHADIAZINE AND SULPHATROXAZOLE IN PLASMA 
OF SHEEP AFT® INTRAMUSCULAR ADMINISTRATION OF TRIVETRIN, 
TRIBRISSEN, DUPHATRIM AND LBOTROX AT A TOTAL DOSE RATE OF 
15 m g.kg-1 OF ACTIVE IN ® ED IQ «S (1 2 .5  m g.kg” 1 













• -— •  sulphatroxazole 






FIGURE (1 )  4
SEMILOGARITHMIC PLOT OF CONCENTRATIONS (p g .m l- 1 ) OF 
SUUPHATRQXAZQLE in  plasma versus tim e  after  an intravenous 
ADMINISTRATION OF LBOTRQX AT A TOTAL DOSE RATE OF 15 mg. kg-1 
OF ACTIVE INGREDIENTS (1 2 .5  m g.kg” 1 SULPHATRQXAZQLE PLUS
2 .5  m g.kg"1 TRIMETHOPRIM).
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The r e s i d e n c e  t im e  o f  t h e  d i f f e r e n t  s u lp h o n a m id e s  u s e d  i n  
t h i s  s tu d y  was found t o  be d ep en d en t on th e  d e g re e  o f  b in d in g  t o  
p lasm a p r o te in s .  The s h o r t  e l im in a t io n  h a l f - l i v e s  ( t  1 /2 /3 )  o f  
s u lp h a d ia z in e  (2.7 h) an d  s u lp h a d o x in e  (4 .5  h) c o r r e s p o n d s  w e l l  
w ith  th e  low  d e g re e  o f  b in d in g  (14 and 50 p e rc e n t  r e s p e c t iv e ly )  
and th e  p ro lo n g ed  r e s id e n c e  o f  s u l p h a t r o x a z o l e  t  1 /2  /3 = 9 .3  h 
a c c o r d s  w i th  i t s  m o d e ra te  d e g r e e  o f  b in d in g  (70 p e r c e n t ) .  The 
p e r c e n t  b in d in g  o f  s u l p h a d i a z i n e  t o  s h e e p  p la sm a  p r o t e i n s  w as 
s i m i l a r  t o  t h a t  r e p o r t e d  i n  cow s an d  h o r s e s  ( N ie l s e n  an d  
Rasm ussen 1977; Rasm ussen e t  a l  1979) and o f  su lp h ad o x in e  in  cows 
(N ie lse n  and Rasm ussen 1977).
The d i s t r i b u t i o n  and e l im in a t io n  cu rv e  o f  su lp h ad o x in e  and 
tr im e th o p r im  can  b e s t  be d e s c r ib e d  by th e  tw o com partm en t m odel 
and th e  b ie x p o n e n tia l  e q u a t io n :-
f o r  su lp h ad o x in e : Cp = 4 1 .7 0 e” ® * ^^  + 36 .0 0 e” ^ * ^ ^
f o r  tr im e th o p rim : Cp = 1 . 8 0 e ”^ * ^ t  + 1 .5 0 e“ ^ * ^ ^
S i m i l a r l y  t h e  d i s p o s i t i o n  c u r v e  o f  s u l p h a d o x i n e  w a s  
d e s c r i b e d  by  a  tw o  c o m p a r tm e n t m o d e l i n  g o a t s  f o l l o w i n g  
in tra v e n o u s  and o r a l  a d m in is t r a t io n  (N ie lsen  and Rasm ussen 1976b; 
N ie l s e n  e t  a l  1 978) i n  cow s ( D a v i t iy a n a n d a  an d  R a sm u sse n  1 974) 
an d  i n  s w in e  ( N ie l s e n  an d  R asm u sse n  1 9 7 5 a ). I n  h o r s e s ,  t h e  
d i s p o s i t i o n  k i n e t i c s  o f  su lp h ad o x in e  a d m in is te re d  in t r a v e n o u s ly  
was in  acco rd an ce  w ith  a  th r e e  com partm ent m odel (Rasmussen e t  a l  
1979) w h ile  t h a t  o f  tr im e th o p r im  fo llo w e d  a  tw o  com partm ent m odel 
(A lexander and C o l l e t t  1975; Rasmussen e t  a l  1979).
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F o llo w in g  th e  in tra v e n o u s  a d m in is t r a t io n ,  d i s t r i b u t i o n  and 
e l i m i n a t i o n  o f  t r i m e t h o p r i m  an d  s u lp h a d o x in e  o c c u r r e d  a t  
d i f f e r e n t  r a t e s .  D i s t r ib u t io n  o f  tr im e th o p r im  o c c u rre d  r a p id ly  
h a v in g  a  m ean d i s t r i b u t i o n  h a l f - l i f e  ( t  1 / 2  CO o f  1 2  m in u te s .  
T h is  v a l u e  i s  v e r y  s i m i l a r  t o  t h a t  r e p o r t e d  i n  h o r s e s  (10 
m in u te s ;  R asm u ssen  e t  ad  1 9 7 9 ). T r im e th o p r im  w as e l i m i n a t e d  
f ro m  p la s m a  r a t h e r  r a p i d l y  ( t  1 /2  = 42 m in u te s )  a n d  w as
s i m i l a r  t o  t h a t  r e p o r te d  in  g o a ts  (30 -  40 m in u te s ; N ie ls e n  and 
R a sm u sse n  1972 ; 1976b) an d  c o n s i d e r a b l y  s h o r t e r  t h a n  t h a t  i n  
s w in e  (2 .5  h ; N ie l s e n  an d  R asm u ssen  1975c) i n  d o g s  (3 h ; K a p la n  
e t  a l  1970) i n  h o rs e s  (3 -  6  h ; A lexander and C o l l e t t  1974, 1975; 
R asm u sse n  e t  a l  1979) an d  man (9 -  15 h ; B ushby a n d  H i t c h in g s  
1968; S chw artz  and Z ie g le r  1969; S chw artz  and R e id e r  1970; B ergan 
and B ro d w all 1972; N o lte  and B u ttn e r  1973; A ndreasen e t  a l  1978).
T h is  s h o r t  r e s id e n c e  t im e  o f  tr im e th o p r im  i n  p lasm a o f  sheep  
c o u l d  l e a d  t o  a  l i m i t e d  a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  
co m b in a tio n . However tr im e th o p r im  h a s  been  found t o  p a s s  r a p id l y  
i n t o  t i s s u e s  f ro m  p la s m a  an d  a t t a i n  c o n c e n t r a t i o n s  i n  t a r g e t  
t i s s u e s  h ig h e r  th a n  th o s e  i n  p la sm a. T h is  h ig h e r  c o n c e n tr a t io n  
o f  th e  d ru g  in  t i s s u e s  i s  o f  v a lu e  t o  i t s  a n t im ic r o b ia l  a c t i v i t y .  
T h is  w as c o n f i r m e d  by  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n s  o f  
tr im e th o p r im  in  t i s s u e s  and b lo o d  from  g o a ts  and cows (N ie lse n  
an d  R asm u ssen  1975b) i n  p i g s  ( N ie l s e n  an d  R asm u ssen  1 9 7 5 c) i n  
dogs (S ig e l e t  a l  1981) and in  m ice (Bushby and H itc h in g s  1968). 
F u rth e rm o re  c a l c u la t io n  o f  th e  a p p a r e n t  v o lu m e  o f  d i s t r i b u t i o n  
Vd ( a r e a )  p r o v id e s  a n  i d e a  o f  t h e  e x t e n t  o f  d i s t r i b u t i o n  o f  a  
d ru g  in t o  t i s s u e s .  The la r g e  Vd (a re a )  o f  tr im e th o p r im  in  sh eep  
m  t h i s  s tu d y  (1 .37  l .k g  ) a l s o  c o n f i r m s  t h a t  t r i m e t h o p r i m  i s
w e ll  d i s t r i b u t e d  in t o  t i s s u e s .  S im i la r  v a lu e s  f o r  Vd (a re a )  w ere 
r e p o r t e d  f o r  g o a t s  (1 .2  l . k g  ; N ie l s e n  an d  R asm u ssen  1972) f o r  
s w in e  (1 .4  l .k g  ; N ie l s e n  an d  R asm u ssen  1975c) f o r  h o r s e s
-I
(1 .1  and 1.5 l .k g  ; D av itiy an an d a  and Rasm ussen 1974; R asm ussen 
e t  a l  1979 r e s p e c t iv e ly ) .
The e l im in a t io n  o f  tr im e th o p r im  in  ru m in a n ts  a p p e a rs  t o  be 
q u ic k e r  th a n  t h a t  i n  s im p le  stom ached a n im a ls  and i s  p ro b a b ly  due 
t o  d i f f e r e n c e s  in  th e  m e tab o lism  o f  th e  d ru g  in  d i f f e r e n t  a n im a l 
s p e c ie s  (S ig e l  e t  a l  1973).
The r a t e  o f  e l im in a t io n  o f  tr im e th o p r im  h as  been  found to  be  
a g e  d e p e n d e n t .  Young g o a t s  ( tw o  d ay  o ld  k id s )  e l i m i n a t e d  
t r i m e t h o p r i m  4 - 5  t i m e s  s lo w e r  (3 h) th a n  t h e  a d u l t  g o a t s  
(40 m in u tes) (N ie lse n  and Rasmussen 1976b).
The m e tab o lism  o f  tr im e th o p r im  o c c u rs  m a in ly  by o x id a t io n ,  
i n  t h e  l i v e r ,  by  t h e  h e p a t i c  m ic ro s o m a l enzy m es ( N ie l s e n  an d  
R asm u ssen  19 7 6 b ). T r im e th o p r im  h a s  b e e n  fo u n d  t o  u n d e rg o  
d e g r a d a t io n  by  r u m in a l  m ic r o o r g a n is m s  ( N ie ls e n  an d  R a sm u sse n  
1 9 7 6 a ; N ie l s e n  e t  a l  1 9 7 8 ). T h is  d e g r a d a t io n  r e d u c e s  t h e  
a c t i v i t y  o f  th e  d ru g  when a d m in is te re d  o r a l l y  t o  ru m in a n ts  and i t  
i s  th e  re a so n  f o r  th e  i n a b i l i t y  t o  d e t e c t  tr im e th o p r im  in  p la sm a  
in  sheep  fo llo w in g  o r a l  a d m in is t r a t io n  (P ie rc y  1978). M ic ro b ia l  
d e g ra d a tio n  i s  a l s o  th e  m ost l i k e l y  e x p la n a tio n  f o r  th e  red u ce d  
am ount o f  tr im e th o p rim  c o n c e n t r a t io n s  o b ta in e d  i n  h o r s e  p la s m a  
a f t e r  th e  an im a ls  have been  fe d  (Bogan e t  a l  1984).
S u lphadox ine was d i s t r i b u t e d  more s lo w ly  th a n  t r im e th o p r im , 
i n t o  t i s s u e s  h a v i n g  a  m e a n  d i s t r i b u t i o n  h a l f - l i f e  
( t  1 /2  a. -  90 jf 0.1 m in u te s )  w h ic h  i s  v e r y  s i m i l a r  t o  t h a t  i n
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h o r s e s  (80 m in u te s ;  R a sm u sse n  e t  a l  1 9 79 ). E l i m i n a t i o n  o f  
s u lp h a d o x in e  a l s o  o c c u r r e d  a t  a  s lo w e r  r a t e  th a n  t h a t  o f  
t r i m e t h o p r i m  w i t h  a  m e a n  e l i m i n a t i o n  h a l f - l i f e  
( t  1 /2  = 4 .8  _+ 0 .7  h ). The r a t e  o f  e l im in a t io n  o f  su lp h ad o x in e
i n  s h e e p  i s  c o n s i d e r a b l y  s h o r t e r  th a n  t h a t  o b t a in e d  i n  g o a t s  
(12 h ; N ie l s e n  an d  R asm u ssen  1976b) i n  s w in e  ( 8  h ; N ie l s e n  an d  
R asm ussen 1975b) in  cows (11 h ; D av itiy an an d a  and R asm ussen 1974) 
i n  h o r s e s  (14 h ; R asm u ssen  e t  a l  1979) an d  i n  hum ans (123 -  
205 h ; M adsen an d  I v e r s e n  1964 ; S t u l l e r  1968 ; B o h n i e t  a l  
1969).
D i s t r i b u t i o n  o f  s u lp h a d o x in e  i n t o  t i s s u e s  w as fo u n d  t o  b e  
l e s s  th a n  t h a t  o f  tr im e th o p rim . T h is  i s  r e f l e c t e d  by th e  s m a ll  
Vd ( a r e a )  (0.31 l .k g  ' )  o f  s u lp h a d o x in e  i n  s h e e p  a d m i n i s t e r e d  
i n t r a v e n o u s l y  a t  a  d o s e  r a t e  o f  12.5  m g.kg . T h is  v a l u e  i s
s i m i l a r  t o  t h a t  fo u n d  f o l l o w i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n  a t
1 —1 40 mg.kg in  g o a ts  (0.27 l .k g  ; N ie lse n  and R asm ussen 1976b) in
•1
s w i n e  (0 .3 5  l . k g  ; N i e l s e n  a n d  R a sm u sse n  1 975a) i n  cow s 
(0 .3 7  l .k g  ; D a v i t iy a n a n d a  an d  R a sm u sse n  1974) an d  i n  h o r s e s  
(0 .3 9  l . k g  ; R a s m u s s e n  ja t  a_l 1 9 7 9 ) .  A d m i n i s t r a t i o n  o f  
s u lp h a d o x in e  a t  h ig h e r  d o s e s  o f  1 2 0  m g.kg p ro d u c e d  s i m i l a r  
Vd ( a r e a )  i n  h o r s e s  t o  t h a t  a f t e r  a d m i n i s t r a t i o n  a t  40 m g.kg-  ^
d o se  r a t e  (Rasmussen e t  a l  1979).
T h e  p l a s m a  c o n c e n t r a t i o n s / t i m e  d a t a  o f  
t r i m e t h o p r i m / s u l p h a d o x i n e  f o l l o w i n g  t h e  i n t r a m u s c u l a r  
a d m in is t r a t io n  a t  one and th r e e  s i t e s  w ere in  acco rd an ce  w ith  a  
two com partm ent m odel.
No s i g n i f i c a n t  d i f f e r e n c e s  (P > 0 .0 5 , P a i r e d - t - t e s t )  w e re  
fo u n d  b e tw e e n  t h e  p la s m a  c o n c e n t r a t i o n s  o f  t r i m e t h o p r i m  a n d
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su lp h ad o x in e  a d m in is te re d  in t r a m u s c u la r ly  a t  one and th r e e  s i t e s .
I t  h a s  b e e n  s u g g e s te d  t h a t ,  f o r  i n s o l u b l e  o i l y  b o lu s  
i n j e c t i o n s ,  a n  i n c r e a s e  i n  t h e  n u m b er o f  i n j e c t i o n  s i t e s  w o u ld  
c a u s e  a n  i n c r e a s e  i n  t h e  r a t e  o f  d ru g  a b s o r p t i o n  b e c a u s e  t h e  
a b s o rp t io n  o f  d ru g  from  th e  i n j e c t i o n  s i t e  i s  p r o p o r t io n a l  t o  th e  
s u r f a c e  a r e a  o f  th e  b o lu s  and th u s  a d m in is t r a t io n  o f  th e  d ose  a t  
m ore th a n  one s i t e  sh o u ld  in c r e a s e  a b s o rp t io n  o f  th e  d ru g  b eca u se  
t h e  s u r f a c e  a r e a /v o lu m e  i n c r e a s e s  (B ogan 1 9 8 3 ). H ow ever, t h e  
r e s u l t s  i n  t h i s  s tu d y  show ed  t h a t  t h e  r a t e  o f  a b s o r p t i o n  o f  
tr im e th o p rim /s u lp h a d o x in e  was n o t in f lu e n c e d  by th e  in c re a s e  in  
t h e  nu m b er o f  i n j e c t i o n  s i t e s .  B ogan e t  a l  (1981) o b t a in e d  
h i g h e r  p la s m a  c o n c e n t r a t i o n s  o f  l e v a m is o l e  a t  o n e  h o u r  a f t e r  
a d m i n i s t r a t i o n  o f  t h e  d ru g  s u b c u ta n e o u s ly  a t  f i v e  s i t e s  i n  t h e  
t h o r a c i c  r e g i o n  th a n  a f t e r  a d m i n i s t r a t i o n  o f  t h e  d ru g  a t  o n e  
s i t e .
I n j u r y  an d  dam age t o  t i s s u e s  a t  t h e  i n j e c t i o n  s i t e s  i s  
th o u g h t  t o  r e d u c e  t h e  r a t e  o f  d ru g  a b s o r p t i o n .  F o l lo w in g  
i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  T r i v e t r i n  
( t r i m e t h o p r i m / s u l p h a d o x i n e )  a n d  T r i b r i s s e n  
( t r i m e t h o p r i m / s u l p h a d i a z i n e )  i n  p i g s ,  R asm u ssen  an d  S v e n d se n  
(1976) o b s e rv e d  m ark ed  t i s s u e  d am age. I f  t i s s u e  dam age h ad  
o c c u rre d  fo llo w in g  th e  in t r a m u s c u la r  a d m in is t r a t io n  o f  T r i v e t r i n  
t o  s h e e p ,  th e n  t h e  r a t e  o f  a b s o r p t i o n  o f  t h e  d ru g  w o u ld  b e  
r e d u c e d  d u e  t o  t h e  p r e s e n c e  o f  n e c r o t i c  an d  f i b r o u s  t i s s u e  a s  a  
consequence o f  t i s s u e  damage.
The d i s p o s i t i o n  cu rv e  o f  s u lp h a d ia z in e  in  p lasm a fo llo w in g  
th e  in t r a m u s c u la r  a d m in is t r a t io n  o f  T r ib r i s s e n  and D uphatrim  was
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i n  a c c o r d a n c e  w i th  a  tw o  c o m p a r tm e n t m o d e l. S i m i l a r  f i n d i n g s
w ere  r e p o r te d  in  ew es fo llo w in g  th e  in tra v e n o u s  a d m in is t r a t io n  o f  
—1100 mg.kg s u lp h a d ia z in e  (Y oussef e t  a l  1981).
S u l p h a d i a z i n e  w a s  r e a d i l y  a b s o r b e d  f o l l o w i n g  t h e  
in t r a m u s c u la r  a d m in is t r a t io n  o f  T r ib r i s s e n  and D uphatrim  h av in g  
m ean h a l f - l i v e s  i n  t h e  a b s o r p t i o n  p h a s e  t  1 /2  ( OL) -  12 an d  18 
m in u te s  r e s p e c t iv e ly .  E l im in a t io n  o f  s u lp h a d ia z in e  from  p lasm a 
o c c u r r e d  r a p i d l y  w i th  m ean e l i m i n a t i o n  h a l f - l i v e s  [ t  1 / 2  
( (3) ] o f  3.0 and 2.7 h o u rs  fo llo w in g  a d m in is t r a t io n  o f  T r ib r i s s e n  
a n d  D u p h a t r im  r e s p e c t i v e l y .  F o l l o w i n g  t h e  i n t r a v e n o u s  
a d m in is t r a t io n  o f  1 0 0  mg.kg , s u lp h a d ia z in e  was e l im in a te d  a t  a  
s lo w e r  r a t e  ( t  1 /2  (3 = 7 .15  h) (Y o u sse f  e t  a l  1981) th a n  t h a t  
o b ta in e d  in  t h i s  s tu d y  a f t e r  th e  in t r a m u s c u la r  a d m in is t r a t io n .
T rim eth o p rim  was n o t  d e te c te d  in  p lasm a sam p les fo llo w in g  
a d m in is t r a t io n  o f  th e  tw o su sp e n s io n s  in t r a m u s c u la r ly  ( T r ib r i s s e n  
and D uphatrim ). T rim eth o p rim  was a l s o  n o t  d e te c te d  in  p la sm a in  
s h e e p  f o l l o w i n g  t h e  o r a l  a d m i n i s t r a t i o n  o f  T r i b r i s s e n  a t  
30 mg.kg”  ^ (P ie rc y  1978).
The f a i l u r e  t o  d e t e c t  t r i m e t h o p r i m  i n  p la s m a  f o l l o w i n g  
in t r a m u s c u la r  a d m in is t r a t io n  o f  su sp e n s io n  fo rm u la t io n s  p u ts  in  
q u e s t io n  th e  r e l a t i v e  e f f e c t iv e n e s s  o f  th e  su sp e n s io n  p ro d u c ts  a s  
compared w ith  th e  s o lu t io n .
I t  may b e  a rg u e d  t h a t  t h e  d ru g  i s  d i s t r i b u t e d  r a p i d l y  t o  
t i s s u e s  such  t h a t  w ith  s low  a b s o rp tio n  from  th e  i n j e c t i o n  s i t e ,  
p la s m a  l e v e l s  n e v e r  r e a c h  d e t e c t a b l e  c o n c e n t r a t i o n s .  H ow ever 
t h i s  i s  d o u b t f u l  s i n c e  t h e r e  i s  a lw a y s  d y n a m ic  e q u i l i b r i u m  
betw een  t i s s u e  and p lasm a and from  o th e r  s tu d ie s ,  th e  re a s o n  f o r
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th e  r a p id  d e c l in e  in  p la sm a c o n c e n tr a t io n s  i s  r a p id  e l im in a t io n  
r a t h e r  th a n  r e d i s t r i b u t i o n .  T hus e v e n  i n  t i s s u e s  i t  i s  v e r y  
d o u b tfu l  w h e th e r u s e f u l  tr im e th o p r im  a r e  a c h ie v e d  and c e r t a i n l y  
i n  p l a s m a  n e i t h e r  t h e  o p t i m a l  c o n c e n t r a t i o n s  (1 : 5) o f  
tr im e th o p r im  r e l a t i v e  t o  su lphonam ide a r e  a ch iev ed  n o r  a r e  th e y  
m a in ta in e d  f o r  th e  le n g th  o f  a c t i v i t y  o f  th e  su lphonam ide. A gain 
i t  c o u ld  b e  a rg u e d  t h a t  t r i m e t h o p r i m  d o e s  n o t  r e q u i r e  t o  b e  
p r e s e n t  a l l  t h e  t r e a t m e n t  p e r io d  t o  e x e r t  s y n e rg is m  w i t h  t h e  
s u lp h o n a m id e . N e v e r th e l e s s  i t  i s  d o u b t f u l  w h e th e r  s u c h  l a r g e  
d i f f e r e n c e s  i n  m e a s u r a b le  c o n c e n t r a t i o n s  w i l l  n o t  l e a d  t o  
r e l a t i v e l y  p o o r  s y n e r g i s m  a s  c o m p a r e d  t o  o t h e r  s p e c i e s .  
U ndoubtedly , in  sh eep  from  th e s e  r e s u l t s ,  su sp e n sio n  fo rm u la t io n s  
s h o u l d  b e  a v o i d e d ,  a l t h o u g h  t h i s  c o m b i n a t i o n  
( t r i m e t h o p r i m / s u l p h a d i a z i n e )  h a s  b e e n  show n t o  h a v e  a  good  
c h e m o th e r a p e u t ic  a c t i v i t y  a g a i n s t  many i n f e c t i o u s  d i s e a s e s  i n  
ru m in a n ts  (Rehm and W hite 1970; W hite and W ith n e ll 1971) and  in  
s m a ll  a n im a ls  (C ra ig  and W hite 1976; S ig e l  e t  a l  1981).
The p h a rm a c o k in e tic  p r o f i l e  o f  s u lp h a tro x a z o le  h as  n o t  y e t  
b e e n  r e p o r t e d  i n  an y  a n im a l  s p e c i e s  a s  t h e  d ru g  h a s  b e e n  
in tro d u c e d  o n ly  r e c e n t ly  f o r  th e  t r e a tm e n t  o f  b a c t e r i a l  d is e a s e s .  
The d ru g  i s  h i g h l y  e f f e c t i v e  a g a i n s t  a  w id e  r a n g e  o f  g ra m -  
p o s i t i v e  a n d  g r a m - n e g a t i v e  b a c t e r i a  s e n s i t i v e  t o  
t r im e th o p r im /s u lp h a tro x a z o le  co m b in a tio n . The d rug  i s  a v a i l a b l e  
a s  an  i n j e c t a b l e  s o lu t io n ,  b o lu s  and d is p e r s a b le  pow der f o r  th e  
t r e a tm e n t  o f  b a c t e r i a l  in f e c t io n s  o f  a l im e n ta ry ,  r e s p i r a t o r y  and 
u r i n a r y  t r a c t s  i n  s h e e p ,  c a t t l e ,  p i g s  an d  h o r s e s  (D a ta  S h e e t  
IV S/19 8 5 ).
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The p la s m a  c o n c e n t r a t i o n s / t i m e  d a t a  o f  s u l p h a t r o x a z o l e  
fo llo w in g  in tra v e n o u s  and in t r a m u s c u la r  a d m in is t r a t io n  o f  L eo tro x
to
w e re  b e s t  f i t t e d / t w o  c o m p a r tm e n t  t e r m .  D i s t r i b u t i o n  o f  
s u lp h a tro x a z o le  was r e l a t i v e l y  s lo w e r  th a n  t h a t  o f  su lp h ad o x in e , 
f o l l o w i n g  t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n ,  h a v i n g  a  m ean  
d i s t r i b u t i o n  h a l f - l i f e  ( t  1 /2  OL) 2.8 + 1.8 h. T h is  was fo llo w e d  
by a  lo n g  r e s id e n c e  t im e  ( t  1 /2  11.7 +_ 1.0 h ).
P la sm a  c o n c e n t r a t i o n s  o f  tr im e th o p r im  w ere n o t  d e te rm in e d  
fo llo w in g  th e  in tra v e n o u s  a d m i n i s t r a t i o n  o f  L e o t r o x  b e c a u s e  i t  
w as xxSSQmed  t h a t  th e y  w o u ld  n o t  b e  d i f f e r e n t  th a n  th o s e  
f o l l o w i n g  t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  T r i v e t r i n ,  an t h e  
v e h i c l e  f o r  t h e s e  tw o  f o r m u l a t i o n s  a ( e  s i m i l a r  ( g l y c e r o l  
fo rm a l) .
F o l lo w in g  t h e  i n t r a m u s c u l a r  a d m i n i s t r a t i o n  o f  L e o t r o x ,  
tr im e th o p r im  and s u lp h a t r o x a z o le  w e re  r a p i d l y  a b s o r b e d  h a v in g  
mean h a l f - l i v e s  o f  12 and 24 m in u tes  r e s p e c t iv e ly .
T r im e th o p r im  w as e l i m i n a t e d  v e r y  r a p i d l y  t  1 /2  = 54
m in u te s  w h i l e  e l i m i n a t i o n  o f  s u l p h a t r o x a z o l e  f ro m  p la s m a  w as 
r a t h e r  s l o w  w i t h  a  m e a n  e l i m i n a t i o n  h a l f - l i f e  o f  
9 .3 0  +_ 0 .8  h o u rs . Such lo n g  r e s id e n c e  t im e  o f  s u lp h a tro x a z o le  i n  
p lasm a i s  p ro b ab ly  r e l a t e d  t o  i t s  m o dera te  p lasm a p ro te in - b in d in g  
(70%) a s  t h e  bound  d ru g  i s  n o t  r e a d i l y  a v a i l a b l e  f o r  t i s s u e  
d i s t r i b u t i o n ,  m e ta b o li s m  an d  e x c r e t i o n  p r o c e s s e s .  F u r t h e r  
e v id en ce  o f  t h i s  i s  from  th e  low Vd (a rea )  188.70 m l.kg- ”* and th e  
lo n g  t im e  ta k e n  f o r  t i s s u e  d i s t r i b u t i o n  ( t  1 /2  OL = 2.8 h o u rs ) .
The b i o a v a i l a b i l i t y  o f  s u l p h a t r o x a z o l e  w as fo u n d  t o  b e  
87.5% a f t e r  i n t r a m u s c u l a r  a d m i n i s t r a t i o n .  S u r p r i s i n g l y ,  t h e  
p la sm a k i n e t i c s  o f  s u lp h a tro x a z o le  w ere s i m i l a r  a f t e r  th e  i n i t i a l
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few  m in u te s  fo llo w in g  a d m in is t r a t io n  o f  th e  d ru g  in t r a v e n o u s ly  o r  
i n t r a m u s c u l a r l y  w h ic h  w i l l  s u g g e s t  t h a t  i n  c a s e s  w hen a  r a p i d  
t r e a t m e n t  i s  n e c e s s a r y  t h e  i n t r a m u s c u l a r  r o u t e  w o u ld  v e r y  
e f f i c i e n t l y  r e p la c e  th e  in tra v e n o u s  r o u te  th e n  re d u c in g  th e  r i s k  
o f  g iv in g  such  an  i r r i t a n t  co m b in a tio n  v ia  th e  in tra v e n o u s  r o u te .
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GENERAL IN T U O X m O N
F a s c i o l i a s i s  i s  one o f  th e  m ost common d is e a s e s  o f  d o m e s tic  
a n im a ls  th r o u g h o u t  t h e  w o r ld  an d  i t  i s  o f  g r e a t  e c o n o m ic  
im p o r ta n c e .  Human i n f e c t i o n  w i th  F a s c io la  h e p a t ic a  " l i v e r  r o t  
d is e a s e "  o c c u rs  due t o  consum ption  o f  in f e c te d  raw  w a te r c re s s  and 
h a s  been  r e p o r te d  in  L a t in  A m erica, G rea t B r i t a in ,  F ra n c e , C hina, 
A l g e r i a  an d  o t h e r  M e d i te r r a n e a n  c o u n t r i e s  ( F a u s t  e t  a l  1970 ; 
Brown and Neva 1983).
Two s p e c ie s  a r e  in v o lv e d  in  th e  d is e a s e ,  F a s c io la  h e p a t ic a  
an d  F a s c i o l a  g i g a n t i c a . I n  t e m p e r a t e  a r e a s  F^ h e p a t i c a  i s  t h e  
m ost w ide sp re a d  s p e c ie s  i n  sheep  and c a t t l e  b u t  i t  i s  r e p la c e d  
by F. g ig a n t ic a  i n  many p a r t s  o f  S o u th e rn  A m erica, In d o -P a k is ta n  
and th e  M iddle E a s t. The ep id em io lo g y , p a th o g e n e s is  and c o n t r o l  
o f  th e  tw o  s p e c ie s  a r e  s im i l a r .  Sheep and c a t t l e  become i n f e s t e d  
d u r in g  g r a z i n g  by i n g e s t i o n  o f  t h e  e n c y s te d  m e t a c e r c a r i a e  on  
v e g e t a t i o n .  T he  l i f e  c y c l e  o f  h e p a t i c a  i s  sh o w n  i n  
F ig u re  (2) 1. The d i s e a s e  m a n i f e s t s  i t s e l f  a s  t h r e e  c l i n i c a l  
f o r m s .  An a c u t e  f o rm  w h ic h  i s  c a u s e d  b y  t h e  e x t e n s i v e  
haem orrhage and d i s r u p t io n  o f  l i v e r  t i s s u e s  due to  th e  m ig ra t io n  
o f  im m atu re  f lu k e s  th ro u g h  th e  l i v e r  parenchym a w i th in  s ix  w eeks 
o f  in f e c t io n .  T h is  form  o c c u rs  m a in ly  i n  sheep  (and p ro b a b ly  in  
g o a ts ) .  The in f e c te d  a n im a ls  m ig h t d ie  sudden ly  w ith o u t show ing 
any o b v ious symptoms.
The sub  a c u te  form  o c c u rs  due to  th e  haem orrhage and dam age 
o f  l i v e r  t i s s u e s  an d  a l s o  d u e  t o  a n a e m ia  c a u s e d  by  t h e  p r e s e n c e  
o f  f lu k e s  in  l i v e r  f o r  a  lo n g e r  p e r io d .
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A c h r o n ic  fo rm  w h ic h  o c c u r s  d u e  t o  t h e  p r e s e n c e  o f  a d u l t  
f l u k e s  i n  b i l e  d u c t s  f o r  m any w eek s ( b e g in n in g  t e n  t o  tw e lv e  
w eek s  a f t e r  i n f e c t i o n ) .  I n  c a t t l e  t h e  c h r o n ic  fo rm  i s  m ore  
common and c h a r a c te r i s e d  by anaem ia and g ra d u a l lo s s  i n  g e n e ra l  
c o n d i t i o n .  I n  s h e e p ,  i n  m o s t d e v e lo p e d  c o u n t r i e s ,  t h e  c h r o n ic  
fo rm  i s  now th e  m o s t com m only  e n c o u n te r e d  fo rm  p r i n c i p a l l y  
b e c a u s e  t h e  u s e  o f  d r u g s  m in im is e s  t h e  c h a l l e n g e  t o  t h e  a n im a l  
such  t h a t  th e  a c u te  p h ase  i s  n o t  re c o g n ise d .
F a s c i o l i a s i s  can  a l s o  p r e -d is p o s e  t o  c l o s t r i d i a l  i n f e c t i o n  
(C lo s tr id iu m  n o v y i) due t o  th e  p re se n c e  o f  damaged l i v e r  t i s s u e s  
c a u s e d  by  m i g r a t i n g  f l u k e s .  T h is  fo rm  ("B la c k  d i s e a s e " )  i s  
s e r i o u s  an d  d e a t h  o f t e n  o c c u r s  am ong i n f e c t e d  s h e e p . I n  m o s t 
c o u n t r ie s  t h i s  form  i s  becom ing r a r e r  b ecau se  v a c c in a t io n  a g a in s t  
t h i s  and o th e r  c l o s t r i d i a l  d is e a s e s  i s  now r o u t in e .
The co m p le te  l i f e  c y c le  o f  F. h e p a t ic a  h as  been  e lu c id a te d  
i n  1882 (L e u c k a r t  1882 ; Thom as 1883) an d  s i n c e  th e n  t h e r e  h a s  
b e e n  a  c o n t in u o u s  s e a r c h  f o r  t h e  p r o d u c t i o n  o f  s a t i s f a c t o r y  
compounds f o r  th e  c o n t ro l  and t r e a tm e n t  o f  th e  d is e a s e .  F lu k e s  
n e e d  an  i n t e r m e d i a t e  h o s t ,  a  mud s n a i l ,  ( in  E u ro p e  t h i s  i s  
Lymnaea t r u n c a t u l a ) t o  c o m p le te  t h e i r  l i f e  c y c l e .  C o n t r o l  o f  
s n a i l s  i s  p o s s ib le  u s in g  m o l lu s c ic id e s ,  in c lu d in g  co p p er s u l f a t e  
a n d  t h e  m ore  r e c e n t l y  i n t r o d u c e d  "F rescon" (N - tr i ty lm o rp h o lin e )  
(Boyce e t  a l  1967; C ro sslan d  e t  a l  1969) b u t  more g e n e ra l  c o n t r o l  
o f  t h e  i n t e r m e d i a t e  h o s t  i s  by d e s t r o y i n g  t h e  h a b i t a t  o f  t h e  
s n a i l s  by d ra in a g e . R o u tin e  c o n t r o l ,  how ever, i s  m ost commonly 
d o n e  by  e r a d i c a t i o n  o f  t h e  f l u k e  i n  t h e  r e s e r v o i r  h o s t  u s in g  
f a s c i o l i c i d a l  d ru g s .
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The f a s c i o l i c i d a l  d r u g s  c a n  b e  s e p a r a t e d  i n t o  f i v e  g ro u p s  
a c c o rd in g  t o  t h e i r  ch em ica l s t r u c t u r e .
(1) H a lo g e n a te d  h y d r o c a r b o n s  ( c a r b o n  t e t r a c h l o r i d e ,  
h e x a c h lo ro e th a n e , te t r a c h lo r o d i f lu o r o e th a n e ) .
(2) N i t r o p h e n o l i c  an d  b i s p h e n o l i c  com pounds ( d i s o p h e n o l ,  
n i c lo f o la n ,  n i t r o x y n i l ,  h ex ach lo ro p h an e , b i th io n o l  s u l f o x id e ) .
(3) S a l i c y l a n i l i d e  and a ro m a tic  am ines (o x y c lo z a n id e , 
b r o t i a n id e ,  ra fo x a n id e , c l o s a n t e l ,  d ia m p h e n e th id e ) .
(4) B enzim idazo les (a lb e n d a z o le , t r i c l a b e n d a z o le ) .
(5) Sulphonam ides ( c lo r s u lo n ) .
An i n t e r e s t i n g  f e a t u r e  o f  f a s c i o l i c i d a l  d ru g s o f  each  g roup  
(ex ce p t a lb e n d a z o le )  i s  th e  p re se n c e  o f  h a lo g en  atom . However, 
i t  i s  unknow n w h e th e r  t h e  h a lo g e n  a to m  r e p r e s e n t s  a  common 
mechanism f o r  th e  a c t i v i t y  o f  f a s c i o l i c i d a l  d ru g s .
M o s t o f  t h e  f a s c i o l i c i d a l  d r u g s  i n t r o d u c e d  t o  t h e  
a n th e lm in t ic  m ark e t ( th e  c h lo r in a te d  hyd ro carb o n s and b is p h e n o l ic  
com pounds) a r e  m a in ly  e f f e c t i v e  a g a i n s t  t h e  m a tu re  f l u k e  an d  
th o s e  w hich show a c t i v i t y  a g a in s t  th e  im m ature f lu k e s  i n  l i v e r  
p a re n c h y m a  a r e  i n v a r i a b l y  e f f e c t i v e  a g a i n s t  t h i s  s t a g e  o f  t h e  
f l u k e  o n ly  a t  d o s e s  n e a r  t h e i r  t o x i c  d o s a g e  r a t e s  (B o ray  e t  a l  
1 9 6 7 ; B o ra y  a n d  H a p p ic h  1 9 6 8 ) .  E f f i c a c i e s  o f  m o s tr  
f a s c i o l i c i d a l  com pounds i n  r o u t i n e  u s e  a r e  r e p r e s e n t e d  i n  
T ab le  (2) 1 .
M ost o f  t h e  f a s c i o l i c i d a l  d ru g s  i n  c u r r e n t  u s e  a r e  t h e  
s a l i c y l a n i l i d e s  and th e  c lo s e ly  r e l a t e d  s u b s t i tu t e d  n i t r o p h e n o ls  
( P r i c h a r d  1 9 7 8 a ). M em bers o f  t h i s  g ro u p  h a v e  b e e n  p ro v e n  t o  
e x e r t  a  h ig h  e f f i c a c y  a g a i n s t  m a tu r e  l i v e r  f l u k e s  w i th  l e s s  
e f f i c a c y  a g a i n s t  t h e  im m a tu re  f l u k e s  (Broom e an d  J o n e s  1 9 6 6 ;
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D a v is  e t  a l  1966 ; B o ray  an d  H a p p ic h  19 6 7 , 1968 ; C o le g ra v e  
1968a, b ) .
T he  a r o m a t i c  a m in e ,  d i a m p h e n e t h i d e  ( (3 , / ^ - b i s  ( 4 -  
ace tam idophenxyloxy) e th y l  e th e r  i s  u n iq u e  am ongst f a s c i o l i c i d a l  
d ru g s  in  h av in g  s u p e r io r  a c t i v i t y  a g a in s t  v e ry  young f lu k e  (one 
d a y  t o  n in e  w e e k -o ld  f l u k e )  (A rm our an d  C o rb a  1972; H a r f  e n i s t  
1973; Rowlands 1973, 1974; Hughes e t  a l  1974). However, b ecau se  
o f  i t s  p o o r  e f f i c a c y  a g a i n s t  a d u l t  f l u k e , i t s  h ig h  d o s a g e  r a t e
-I
( 1 0 0  m g.kg ) an d  i t s  r e l a t i v e l y  h ig h  c o s t  d ia m p h e n e th id e  i s  
u s u a l l y  u s e d  o n ly  w hen a n  a c u t e  f a s c i o l i a s i s  i s  s u s p e c te d .  
I n d e e d  w i th  t h e  r e c e n t  i n t r o d u c t i o n  o f  t r i c l a b e n d a z o l e  i t  i s  
p ro b a b le  t h a t  t h i s  new a n th e lm in t ic  w i l l  r e p la c e  d ia m p h en e th id e  
in  th e  c o n t ro l  o f  l i v e r  f lu k e s  down t o  one o r  tw o w eek s-o ld .
The b road  sp ectrum  b e n z im id a z o le  a n th e lm in t ic  (a lb e n d a z o le )
h a s  b e e n  show n t o  h a v e  u s e f u l  a c t i v i t y  a g a i n s t  m a tu re  l i v e r
f lu k e s  o n ly  a t  1.5 t im e s  th e  do se  u sed  f o r  n e m a to d ic id a l a c t i v i t y
(K night and C o lg la z ie r  1977), how ever g r e a t e r  e f f ic a c y  h a s  been
found in  sheep  by u s in g  th e  d ru g  p r o p h y la c t ic a l ly  in  s m a l l  d a i ly
-1
d o s e s  o f  3 m g.kg p e r  d ay  f o r  35 c o n s e c u t iv e  d a y s  (Rew a n d  
K nigh t 1980 ).
The n e e d  f o r  a  s a f e  an d  a n  e f f e c t i v e  a g e n t  w i th  a  h ig h  
a c t i v i t y  a g a i n s t  a l l  s t a g e s  o f  l i v e r  f l u k e s  h a s  l e d  t o  t h e  
d i s c o v e r y  o f  a  n o v e l  b e n z im id a z o le ,  t r i c l a b e n d a z o l e ,  w i th  
s p e c i f i c  a c t i v i t y  a g a in s t  l i v e r  f l u k e s  (B oray  e t  a l  1 9 8 3 ). The 
in t r o d u c t io n  o f  t r i c la b e n d a z o le  r e p r e s e n ts  a  b re a k th ro u g h  i n  th e  
t r e a t m e n t  o f  f a s c i o l i a s i s  i n  s h e e p  an d  c a t t l e .  The d ru g  h a s  a  
h ig h  s a f e t y  in d e x ,  low  t o x i c i t y ,  lo w  r e s i d u e  p ro b le m s  an d  a n
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e x c e l le n t  a c t i v i t y  a g a in s t  a l l  ag es  o f  F. h e p a t ic a  from  th e  e a r ly  
im m a tu re  t o  t h e  a d u l t  s t a g e s  (B o ray  1981; B o ray  e t  a l  1983 ; 
T u rn e r e t  a l  1984).
The new member o f  su lphonam ides s e r i e s ,  c lo r s u lo n ,  h a s  been 
shown t o  be h ig h ly  e f f e c t i v e  a g a in s t  m a tu re  f lu k e s  w ith  l e s s e r  
e f f i c a c y  a g a i n s t  t h e  young  f l u k e s  (M ro z ik  e t  aJL 1977 ; O s t l i n d  
e t  a l  1 97 7 ).
A ll  th e  o th e r  f a s c i o l i c i d a l  d ru g s  in c lu d in g  th e  c h lo r in a te d  
h y d ro carb o n s and b is p h e n o l ic  com pounds h a v e  lo w e r  a c t i v i t y  an d  
g r e a t e r  t o x i c i t y  th a n  th e  s a l i c y l a n i l i d e s  and th e  b e n z im id a z o le s  
(Boray e t  a l  1967; Boray and H appich 1968).
The mode o f  a c t i o n  o f  m o s t f a s c i o l i c i d a l  d r u g s  i s  by  
i n t e r f e r i n g  w i th  t h e  e n e rg y  m e ta b o li s m  i n  t h e  p a r a s i t e .  A l l  
m em bers o f  s a l i c y l a n i l i d e  g ro u p  a c t  by  s t i m u l a t i o n  o f  o x y g en  
u p ta k e  an d  u n c o u p le  o x i d a t i v e  p h o s p h o r y la t io n  i n  i n t a c t  f l u k e s  
in  v i t r o  (Van M ie r t  an d  G ro e n e v e ld  1969; C o r b e t t  an d  G oose 
1 9 7 1 a ,b ; Van d en  B o ssc h e  1 9 7 2 a ; Y orke an d  T u r to n  1974 ; C o r n is h  
a n d  B ry a n t  1976 ; C o rn is h  e t  a l  (1977) and  P r i c h a r d  (1 9 7 8 a) 
o b ta in e d  e v id en ce  o f  u n co u p lin g  in  v iv o . In  a d d i t io n  i t  h a s  been  
fo u n d  t h a t  a  w id e  r a n g e  o f  s a l i c y l a n i l i d e s  i n h i b i t  s u c c i n a t e  
dehydrogenase  a c t i v i t y  i n  F^ h e p a t ic a  i n  v i t r o  (Duwel and M etzger 
1973; M etzger and Duwel 1973). The n i t r o p h e n o l ic  and b is p h e n o l ic  
compounds, l i k e  th e  s a l i c y l a n i l i d e s ,  a r e  a l l  p o te n t  u n c o u p le rs  o f  
p h o sp h o ry la tio n . G e n e ra lly  th e  b e n z im id a z o le s  a r e  c o n s id e re d  to  
a c t  by  a  v a r i e t y  o f  e f f e c t s .  I n h i b i t i o n  o f  g lu c o s e  u p ta k e  a s  
p r im a ry  e n e rg y -g e n e ra tin g  s u b s t r a t e  th u s  s ta r v in g  th e  p a r a s i t e  t o  
d e a th  (Van den B ossche 1972a; Van den  B ossche and De N o ll in  1973; 
De N o l l i n  an d  Van d en  B o ssc h e  1 9 7 3 ) , i n h i b i t i o n  o f  t h e  f u m a r a te
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r e d u c t a s e  s y s te m  (C o le s  1977 ; Rew 1978 ; B arrow m an  e t  a l  1984b) 
and i t  h as  been  found t h a t  th e  b e n z im id a z o le s  bind" in  v i t r o  to  
t u b u l i n  t h u s  p r e v e n t in g  m ic r o tu b u l e  f o r m a t io n  ( I r e l a n d  e t  ad- 
1979; Barrowman e t  a l  1984a). The su lphonam ide, c lo r s u lo n ,  has 
b e e n  show n t o  i n h i b i t  g lu c o s e  u t i l i s a t i o n  an d  a c e t a t e  an d  
p r o p io n a t e  f o r m a t io n  by  m a tu re  F a s c i o l a  h e p a t i c a  i n  v i t r o  
(Schulm an and V a le n tin o  1980; Schulm an e t  a l  1982).
The r e l a t i v e  e c o n o m ic  im p o r ta n c e  o f  f a s c i o l i a s i s  h as  been  
i n c r e a s e d  i n  r e c e n t  y e a r s  d u e  t o  t h e  d i f f i c u l t i e s  i n  t h e  
p ro p h y la x is  and c o n t ro l  o f  th e  d is e a s e .
I n  t h e  U.K., f a s c i o l i a s i s  i s  c o n s id e r e d  t o  b e  t h e  m o s t 
e c o n o m ic a l ly  i m p o r t a n t  d i s e a s e  a f f e c t i n g  ru m in a n ts  (Ross e t  a l  
1 966 ; R e id  e t  a l  1967 ; R o ss  an d  Todd 1 9 6 8 ). The d i s e a s e  i s  
p a r t i c u l a r l y  s i g n i f i c a n t  i n  c a t t l e  b e c a u s e  i t  c a u s e s  l o s s  i n  
b o d y w e ig h t i n  f a t t e n i n g  s to c k  an d  r e d u c e s  m i lk  y i e l d  i n  d a i r y  
cows (Ross 1970a; B lack  and F royd 1972).
D u rin g  a  s u rv e y  i n  52 s l a u g h t e r  h o u s e s  i n  U.K. i n  1 983 i t  
was found t h a t  2.7% and 8 % o f  sheep  and c a t t l e  l iv e r s  r e s p e c t iv e ly  
w ere a f f e c te d  by l i v e r  f lu k e  (Lowndes 1984).
I n  t h e  U n ite d  S t a t e s ,  n o n e  o f  t h e  f a s c i o l i c i d a l  d r u g s  h a v e  
b e e n  a l lo w e d  f o r  u s e  b e c a u s e  o f  r e s i d u e  p r o b l e m s .  O n ly  
a lb e n d a z o le  h a s  been  approved  by FDA f o r  th e r a p e u t ic  u se  i n  c a s e s  
o f  f a s c i o l i a s i s .  However th e  te r a to g e n ic  e f f e c t  o f  th e  d ru g  and 
i t s  p r o lo n g e d  w i th d r a w a l  p e r io d  i n  b r e e d in g  h e r d s r e d u c e  i t s  
a p p l ic a t io n .
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D uring  th e  c o u rse  o f  t h i s  s tu d y  new compounds w ith  s p e c i f i c  
a c t i v i t y  a g a i n s t  l i v e r  f l u k e s  w e re  u n d e r  d e v e lo p m e n t t o  b e  
in tro d u c e d  f o r  th e  t r e a tm e n t  o f  f a s c i o l i a s i s .  Such compounds a r e  
c l o s a n t e l ,  c lo r s u lo n  and t r i c la b e n d a z o le .
S u r p r i s i n g l y ,  l i t t l e  d a t a  h a s  b e e n  p u b l i s h e d  o n  t h e  
p h a r m a c o k in e t i c  b e h a v io u r  o f  f a s c i o l i c i d a l  d ru g s . T h e re fo re  i t  
w as d e c id e d  t o  s tu d y  t h e  k i n e t i c s  o f  f a s c i o l i c i d a l  d r u g s  i n  
c u r r e n t  u s e  an d  t h e  n e w ly  d e v e lo p e d  f a s c i o l i c i d e s  th e r e b y  t h e  
c o u rse  o f  s tu d y  w ith  th e  p o te n t ia t e d  su lphonam ides was co m p le ted  
a n d  w ork  d i r e c t e d  to w a rd  t h e  p h a rm a c o k in e tic s  o f  f a s c i o l i c i d a l  
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P h a rm ac o k in e tic s  o f  o r a l l y  a d m in is te re d  d ru g s
The re a so n  f o r  s tu d y in g  th e  k i n e t i c s  o f  a  d ru g  i s  t o  fo llo w  
th e  t im e  c o u rse  o f  d ru g  a b s o rp t io n ,  d i s t r i b u t i o n ,  m e tab o lism  and 
e x c r e t i o n  an d  t o  c o r r e l a t e  t h e s e  p r o c e s s e s  w i th  t h e  e x t e n t  and  
d u r a t io n  o f  e f f e c t iv e n e s s  o f  g iv e n  d ru g  (pharm acodynam ics).
U s u a l ly  a n t h e l m i n t i c s  a r e  a d m in i s t e r e d  v ia  th e  o r a l  ro u te  
d u e  t o  t h e  e a s e  o f  h a n d l in g  by  t h e  f a r m e r .  F o l lo w in g  o r a l  
a d m i n i s t r a t i o n ,  t h e  c o n c e n t r a t i o n  o f  t h e  d ru g  i n  p la s m a  i s  
d e t e r m i n e d  t o  a  g r e a t  e x t e n t  b y  t h e  r a t e  o f  a b s o r p t i o n ,  
d i s t r i b u t i o n  and e l im in a t io n .  A f te r  a b s o rp tio n  o f  d ru g  i n t o  th e  
b lo o d  s tre a m , a  p ro p o r tio n  o f  th e  d ru g  may b in d  t o  p la sm a  p r o te in  
(m a in ly  a lb u m in )  an d  t h e  r e m a in d e r ,  f r e e  d r u g ,  i s  d i s s o l v e d  i n  
p la s m a . The f r e e  d ru g  e n t e r s  o t h e r  t i s s u e s  a c c o r d in g  t o  t h e i r  
b lo o d  s u p p ly  o r  i s  e l i m i n a t e d  by  m e ta b o lis m  a n d / o r  e x c r e t i o n .  
The d e g r e e  o f  d i s t r i b u t i o n  o f  a  p a r t i c u l a r  d ru g  i n t o  v a r i o u s  
o rg an s  i s  d e te rm in e d  by c e r t a i n  p h y s ico ch e m ic a l p r o p e r t i e s  o f  th e  
d ru g  ( i t s  d e g r e e  o f  i o n i s a t i o n  an d  t h e  l i p i d  s o l u b i l i t y  o f  t h e  
u n - i o n i s e d  m o le c u le ) .  The b in d in g  o f  d r u g s  t o  p la s m a  r e s t r i c t s  
t h e i r  d i s t r i b u t i o n  t o  th e  s i t e s  o f  a c t io n ,  th e re b y  g iv in g  h ig h e r  
c o n c e n t r a t i o n  i n  p la sm a  r e l a t i v e  t o  t h a t  i n  t i s s u e s .  As t h e  
bound  d ru g  i s  o f  h ig h  m o le c u la r  w e ig h t ,  i t  i s  u n a v a i l a b l e  f o r  
g lo m e ru la r  f i l t r a t i o n  and i t s  r a t e  o f  e x c re t io n  w i l l  be s low ed . 
The p r o c e s s  o f  b in d in g  i s  a  r e v e r s i b l e  p r o c e s s  an d  i t  i s  
s im p l i f i e d  by th e  fo llo w in g  e q u a tio n .
Where [P] i s  c o n c e n tra t io n  o f  f r e e  p r o te in ;  [D] c o n c e n tr a t io n  o f  
f r e e  d ru g  and [PD] c o n c e n tr a t io n  o f  d r u g -p ro te in  com plex. K-| and 
K2  a r e  th e  a s s o c ia t io n  and d i s s o c i a t i o n  p ro c e s s e s  r a t e  c o n s ta n ts  
w hich a r e  u s u a l ly  e x tre m e ly  s h o r t .
A c c o rd in g  t o  t h i s  e q u a t io n ,  i f  t h e  d i s s o c i a t i o n  o f  t h e  
com plex (PD) i s  r a p id  th e r e  w i l l  be no s i g n i f i c a n t  e f f e c t  on th e  
r a t e  o f  t r a n s m e m b ra n e  m ovem ent s i n c e  t h e  f r e e  d ru g  c r o s s i n g  
c e l l u l a r  m e m b ra n e  w o u ld  b e  r a p i d l y  r e p l a c e d  b y  a  n e w ly  
d i s s o c i a t i n g  d ru g .  T hus t h e  d r u g - a lb u m in  c o m p lex  s e r v e s  a s  a  
r e s e r v o i r  o f  p o t e n t i a l l y  a c t i v e  d ru g .
B ind ing  o f  d ru g s  t o  p lasm a p r o te in s  i s  u s u a l ly  th o u g h t t o  be 
o f  n o  g r e a t  i m p o r t a n c e  u n l e s s  t h e  e x t e n t  o f  b i n d i n g  i s  
s u f f i c i e n t l y  la r g e  such  a s  t o  re d u c e  th e  am ount o f  d ru g  a v a i l a b l e  
f o r  d i s t r i b u t i o n  t o  t i s s u e s  t o  a  s i g n i f i c a n t  d eg ree . The p ro c e s s  
o f  b in d in g  i s  u s u a l ly  r e v e r s ib l e  and g e n e r a l ly  o c c u rs  t o  a  s m a l l  
e x t e n t .  H ow ever, o c c a s i o n a l l y  c o v a l e n t  b in d in g  o c c u r s  an d  t h e  
p ro c e s s  o f  b in d in g  w i l l  be i r r e v e r s i b l e  th u s  l i m i t i n g  th e  p a s sa g e  
o f  su c h  d ru g  fro m  b lo o d  t o  t i s s u e s .  The e x t e n t  o f  b in d i n g  o f  a  
p a r t i c u l a r  d r u g  l i e s  w i t h i n  a  r a n g e  f ro m  lo w  (< 50 e .g .  
a m p ic i l l in ,  ch lo ra m p h en ico l)  m o d e ra te ,  (50-80%  e .g . s a l i c y l a t e ,  
s u lp h a s o x a z o le ) ,  h ig h  (> 90% e .g .  p h e n y lb u ta z o n e ,  d i g i t o x i n ,  
r a f o x a n id e ) .
D is p la c e m e n t  o f  o n e  d ru g  by  a n o t h e r  fro m  i t s  b in d in g  s i t e  
w i l l  r e s u l t  i n  i n c r e a s i n g  t h e  p r o p o r t i o n  o f  f r e e  d ru g  i n  t h e  
p l a s m a  a n d  t h u s  m o re  d r u g  w i l l  b e  a v a i l a b l e  f o r  t i s s u e  
d i s t r i b u t i o n  le a d in g  to  in c e a s e  in  th e  p h a rm a c o lo g ic a l a c t io n .
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The e x te n t  o f  d i s t r i b u t i o n  o f  d ru g  i s  a n o th e r  f a c t o r  w hich 
a l s o  i n f l u e n c e s  t h e  c o n c e n t r a t i o n  o f  d ru g  i n  t h e  p la s m a . An 
e s t i m a t e  o f  t h e  e x t e n t  o f  d i s t r i b u t i o n  i s  p o s s i b l e  b y  
d e te rm in a t io n  o f  th e  a p p a re n t volum e o f  d i s t r i b u t i o n  (Vd). T h is  
p h a r m a c o k i n e t i c  p a r a m e t e r  (Vd) h e l p s  i n  r e l a t i n g  t h e  
c o n c e n t r a t i o n  o f  d ru g  i n  p la s m a  t o  t h e  t o t a l  am o u n t o f  d ru g  i n  
th e  body a t  any t im e  a f t e r  p s e u d o - d i s t r i b u t i o n  e q u i l i b r i u m  h a s  
b e e n  a t t a i n e d .  I n  r u m in a n t  a n i m a ls ,  b e c a u s e  o f  t h e  l a r g e
v o lu m e  o f  r u m in a l  f l u i d  w h ic h  o c c u p ie s  up  t o  2 0 % o f  a n i m a l s ’ 
volum e (Dobson 1967) an  o r a l l y  a d m in is te re d  d ru g  w i l l  a t t a i n  low  
c o n c e n tra t io n  in  th e  rumen. The slow  p assag e  o f  ru m in a l c o n te n t  
( s o l i d  fo rm ) a l s o  e f f e c t s  t h e  r a t e  o f  a b s o r p t i o n  o f  d r u g s  
e s p e c i a l l y  t h e  p o o r l y  s o l u b l e  d r u g s  e .g .  r a f o x a n i d e ,  
f e n b e n d a z o le ,  t r i c l a b e n d a z o l e .  T h is  e f f e c t  i s  o f  v a l u e  i n  
e x t e n d in g  t h e i r  p la s m a  k i n e t i c s .  The c o n c e n t r a t i o n  o f  d ru g  i n  
t h e  ru m en  i s  i n f l u e n c e d  by  t h e  pH o f  t h e  r u m in a l  c o n t e n t  (5 .5  -  
6 .5 ) ,  t h e  l i p i d  s o l u b i l i t y  an d  p k a  o f  g iv e n  d ru g ,  a d s o r p t i o n  o f  
d ru g  t o  ru m in a l c o n te n ts ,  m e ta b o lic  t r a n s fo rm a t io n  o f  some d ru g s  
by ru m in a l m ic ro o rg an ism s, r a t e  o f  s a l i v a r y  f lo w , e x te n t  o f  d ru g  
b in d i n g  t o  p la s m a  p r o t e i n s  an d  t h e  r a t e  o f  e l i m i n a t i o n  o f  t h e  
d ru g  (b io t ra n s fo rm a tio n  and e x c re t io n ) .
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CHAPTER I
PHARMACDKENETTC STUDIES OF CLORSULON IN CATTLE
1 . P h arm ac o k in e tic  s tu d ie s  o f  C lo rsu lo n  in  c a t t l e
1.1 In t ro d u c t io n
1 .1 .1  E f f ic a c y
C lo rsu lo n  : 4 -  a m in o  -  6  -  t r i c h l o r o e t h e n y l  -  1 ,3  -  
b e n ze n d isu lfo n am id e  (F ig u re  2.1.1) i s  t h e  m o s t p r o m is in g  m em ber 
o f  a  s e r i e s  o f  su lphonam ides t h a t  p o s se s s  f a s c i o l i c i d a l  a c t i v i t y .  
I t  w as d e v e lo p e d  a t  M erck , S h a rp  an d  Dohme I n c . ,  R ahw ay , US.A. 
(M rozik 1976; M rozik e t  a l  1977). The d rug  h as  been  shown t o  be 
a  p o t e n t  f l u k i c i d e  h a v in g  h ig h  a c t i v i t y  a g a i n s t  m a tu re  an d  
im m a tu re  l i v e r  f l u k e s  i n  s h e e p  an d  c a t t l e  (M ro z ik  e t  a l  1977 ; 
O s t l in d  e t  a l  1977; M alone e t  a l  1984).
I n  s h e e p ,  s i n g l e  i n t r a r u m i n a l  d o s e s  o f  1 5 an d  30 m g.kg 
w ere  found to  be 97.2 and 99.7% e f f e c t i v e  a g a in s t  fo u r  and th r e e  
w e e k -o ld  h e p a t i c a  r e s p e c t i v e l y .  The e f f i c a c y  o f  c l o r s u l o n  
a g a in s t  s i x  w eek -o ld  f lu k e s  was found t o  be 92.1% a f t e r  a  s in g le  
in t r a r u m in a l  do se  a t  2.5 mg.kg (M rozik e t  a l  1977). C lo rsu lo n  
g iv e n  o r a l l y  o r  in t r a r u m in a l ly  a t  2.5 mg.kg was > 90% e f f i c i e n t  
a g a i n s t  m a tu re  F . h e p a t i c a  (16 w e e k -o ld  f l u k e )  (M ro z ik  e t  a l  
1977; O s t l in d  e t  a l  1977).
I n t r a ru m in a l  d o ses  o f  10 and 15 mg.kg c lo r s u lo n  w ere found 
t o  be 96.9 and 99.5% e f f e c t i v e  a g a in s t  e ig h t  w eek -o ld  F. h e p a t ic a  
r e s p e c t i v e l y  i n  c a l v e s .  A t low  d o s e s  o f  3 .75  an d  5 m g.kg , 
c l o r s u l o n  g iv e n  e i t h e r  o r a l l y  o r  i n t r a r u m i n a l l y  w as 1 0 0 % 
e f f e c t i v e  a g a i n s t  m a tu re  f l u k e  (> 14 w e e k -o ld  f l u k e )  i n  c a l v e s  
(O s t l in d  e t  a l  1977).
The a c t i v i t y  o f  c lo r s u lo n  a g a in s t  l i v e r  f lu k e s  i n  r a t s  was 
a l s o  s t u d i e d .  O ra l  d o s e s  o f  5 an d  6.5  m g.kg w e re  90 an d  100% 
e f f e c t iv e  r e s p e c t iv e ly  a g a in s t  m a tu re  F. h e p a t ic a  (> 16 w eek -o ld )
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(S ch u lm an  e t  a l  1979 ; S c h u lm a n , V a le n t in o ,  C i f e l l i  an d  O s t l i n d  
1982).
1 .1 .2  Mode o f  a c t io n
The mechanism  o f  th e  f a s c i o l i c i d a l  a c t i v i t y  o f  c lo r s u lo n  h as  
been  su g g e s te d  to  be due t o  i n h i b i t i o n  o f  th e  g ly c o ly t i c  enzym es 
3 -p h o sp h o g ly c e ra te  k in a s e  and phosphog lycerom utase  w hich  r e s u l t s  
i n  a  b lo c k  i n  g l y c o l y s i s  i n  F a s c i o l a  h e p a t i c a  (S ch u lm an  an d  
V a le n tin o  1980).
In  v i v o  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  c l o r s u l o n  o n  
F . h e p a t ic a  p h o sp h o g ly c e ra te  k i n a s e  d e m o n s t r a te d  t h a t  t h e  d ru g  
w as a  c o m p e t i t i v e  i n h i b i t o r  o f  b o th  3 -p h o sp h o g ly c e ra te  and ATP 
(S c h u lm a n , O s t l i n d  an d  V a le n t in o  1982) th e r e b y  d e p r i v i n g  t h e  
p a r a s i t e  o f  i t s  m ain so u rc e  o f  m e ta b o lic  energy .
C lo r s u lo n  h a s  b e e n  o b s e rv e d  t o  i n h i b i t  t h e  p a th w a y  o f  
g lu c o se  o x id a t io n  t o  a c e t a t e  and p ro p io n a te  i n  m a tu re  F. h e p a t ic a  
in  v i t r o  th u s  r e s u l t i n g  i n  an  i n h i b i t i o n  o f  th e  p rop o sed  s i t e s  o f  
ATP fo rm a tio n  (Schulm an and V a le n tin o  1980).
I t  h a s  been  r e p o r te d  th e f c lo r s u lo n  b in d s  t o  r a t  e r y th r o c y te s  
v ia  c a rb o n ic  an h y d rase  and re a c h e s  th e  p a r a s i t e  v ia  in g e s t io n  o f  
b lo o d  (Schulm an e t  a l  1 9 7 9 ).
1 .1 .3  S a fe ty  t o  h o s t
T o x i c i t y  s t u d i e s  i n  r a t s ,  m ic e  an d  s h e e p  h a v e  show n t h a t  
c l o r s u l o n  i s  a  h i g h l y  s a f e  d ru g  f o r  u s e  i n  d o m e s t ic  l i v e s t o c k  
( O s t l i n d  e t  a l  1977).
_ -i
T h e  LD cjq i n  m i c e  w a s  f o u n d  t o  b e  761 m g .k g  ‘
A
m t r a p e r i t o n e a l l y  and more th a n  10,000 mg.kg o r a l l y .  In  r a t s ,  
c lo r s u lo n  g iv e n  a t  a  s in g le  o r a l  d o se  a t  1 0 , 0 0 0  mg.kg- ”* showed no
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g ro s s  to x ic  e f f e c t s  (O s t l in d  e t  a l  1977).
S in g le  o r a l  and in t r a r u m in a l  d o ses  o f  c lo r s u lo n  a t  200 and 
400 m g.kg w e re  w e l l  t o l e r a t e d  by f l u k e - f r e e  s h e e p  w i th o u t  
sh o w in g  an y  t o x i c  sym ptom s (M ro z ik  e t  a l  1977; O s t l i n d  e t  a l  
1 9 7 7 ). S h eep  h a r b o u r in g  e i g h t  w e e k -o ld  h e p a t i c a  r e c e i v e d  a  
s i n g l e  i n t r a r u m i n a l  d o s e  o f  c l o r s u l o n  a t  1 0 0  m g.kg” 1 w i th o u t  
show ing a p p a re n t to x ic  e f f e c t s  (O s tlin d  e t  a l  1977).
1 .1 .4  P h a rm ac o k in e tic s  and o b je c t iv e
The k i n e t i c s  o f  c l o r s u l o n  h a v e  n o t  y e t  b e e n  r e p o r t e d  i n  
d o m e s t ic  l i v e s t o c k  an d  t h e  o n ly  a v a i l a b l e  d a t a  c o n c e r n in g  
c lo r s u lo n  k i n e t i c s  i s  in  r a t s .
F o l lo w in g  s i n g l e  o r a l  d o s e s  o f   ^^ C - c lo r s u lo n  a t  6 .25  an d
_ * i
12 .5  m g.kg a p p r o x im a te ly  75% o f  t h e  c i r c u l a t i n g  d ru g  w as 
p r e s e n t  in  th e  p lasm a and th e  re m a in d e r  was i n  e ry th ro c y te s .  The 
maximum c o n c e n tra t io n  o f  th e  d ru g  in  w hole b lood  o c c u rre d  a t  fo u r  
h o u rs  a f t e r  d o s in g  (Schulm an e t  a l  1979).
S in c e  t h e r e  i s  no  p u b l i s h e d  d a t a  a b o u t  t h e  k i n e t i c s  o f  
c lo r s u lo n  in  c a t t l e  th e r e f o r e ,  th e  p h a rm a c o k in e tic  b e h a v io u r  o f  
c l o r s u l o n  w as s t u d i e d  i n  c a t t l e .  The e x t e n t  o f  b in d i n g  o f  
c l o r s u l o n  t o  p la s m a  p r o t e i n s  w as i n v e s t i g a t e d  t o  s e r v e  a s  a  
c o r r e l a t i o n  betw een  th e  p h a rm a c o k in e tic  b eh a v io u r and e f f i c a c y  o f  
th e  d ru g  a g a in s t  l i v e r  f lu k e s .
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1 .2  D e te rm in a tio n  o f  c lo r s u lo n  in  serum
A g a s  l i q u i d  c h r o m a to g r a p h ic  m e th o d  (G.L.C.) h a s  b e e n  
p u b l i s h e d  f o r  t h e  d e t e r m i n a t i o n  o f  c l o r s u l o n  i n  b lo o d  an d  m i lk  
s a m p l e s  (V an d e n  H e u v e l  e t  a d  1 9 7 7 ) .  T h e  p r o c e s s  o f  
d e r i v a t i s a t i o n  p r i o r  t o  g a s  c h ro m a to g ra p h y  i s  l e n g th y  an d  t h e  
o v e r a l l  r e c o v e r i e s  a r e  p o o r  (~45%) fro m  b o th  b lo o d  an d  m i lk .  
B e s id e s ,  t h e  d e r i v a t i s a t i o n  t e c h n iq u e s  a r e  d i f f i c u l t  a n d  m o re  
l i a b l e  t o  o p e r a t o r  e r r o r  t h a n  m o s t  o t h e r  t e c h n iq u e s  an d  
u n s u i ta b le  f o r  r o u t in e  a n a ly s i s .
C u rre n t m ethods u sed  f o r  th e  d e te rm in a t io n  o f  su lphonam ides  
( a n t i - b a c t e r i a l )  a r e  n o t s u i t a b l e  f o r  th e  d e te rm in a t io n  o f  t h i s  
com pound s i n c e  t h e  l i m i t  o f  d e t e c t i o n  o f  m e th o d s  u s in g  t h e  
B ra t to n -M a rs h a ll  r e a c t io n  a r e  s e n s i t i v e  o n ly  t o  ab o u t 2 pg.m l 
( R e i d e r  1 9 7 2 ) .  An a l t e r n a t i v e  h i g h  p e r f o r m a n c e  l i q u i d  
c h ro m a to g ra p h y  w as fo u n d  t o  b e  a p p l i c a b l e  an d  r e l i a b l e  f o r  t h e  
d e t e r m i n a t i o n  o f  c l o r s u l o n  i n  se ru m  s a m p le s  (m ean r e c o v e r y  
8 8  + 3 .8% ).
1 .2 .1  M a te r ia ls  and m ethods
1 .2 .1 .1  R eagen ts
A ll  r e a g e n ts  used  w ere o f  "A n a la r"  g ra d e .
D i- e th y l  e th e r
G l a s s - r e d i s t i l l e d ,  f e r r o u s  s u lp h a te  washed and s t a b i l i s e d .
E t h e r  w as w ash ed  w i th  f e r r o u s  s u l p h a t e  s o l u t i o n  (5% w /v
FesO^ 7 H2 O) i n  p r o p o r t i o n  o f  3 : 1 o f  e t h e r  : f e r r o u s  s u l p h a t e
s o lu t io n .  W ashing o f  e th e r  w ith  f e r r o u s  s u lp h a te  was n e c e s s a ry
t o  rem ove p e ro x id e s . The e th e r  was s t a b i l i s e d  by ad d in g  1 ml o f  
—1
1 mg.ml p y ro g a l lo l  (w /v i n  e th e r )  t o  e v e ry  1 0 0  ml w ashed e th e r .
85
E t h e r  w as s t a b i l i s e d  i n  o r d e r  t o  p r e v e n t  f u r t h e r  p e r o x id e  
fo rm a tio n  i f  th e  e th e r  was n o t  used  im m ed ia te ly .
M ethanol
R e d i s t i l l e d  b e fo re  u s e .
Ammonium c a rb o n a te  (0 .0 2 5  M)
P h osphate  b u f f e r  (pH 7 .4 )
50 ml 0 .2  M K2 HPO4  and 3 9 .5  ml 0 .2  M NaOH made up t o  200 m l. 
W ater-perm anganate r e d i s t i l l e d
U sed t o  p r e p a r e  t h e  r e a g e n t s  w h ic h  w as n e c e s s a r y  f o r  t h e  
rem oval o f  any im p u r i t i e s  p r e s e n t  in  t a p  w a te r .
1 .2 .1 .2  HPLC a p p a ra tu s  and c o n d i t io n s
D e t e c t o r  = V a r i a b l e  w av e  l e n g t h  u l t r a v i o l e t  
s p e c t r o p h o m e te r  m o d e l CE 2012 ( C e c i l  I n s t r u m e n t s ,  
C am bridge, E ngland).
Column d im en sio n s  = Septum i n j e c t o r  100 x 5 mm (Shandon 
S o u th e rn  P ro d u c ts , R uncorn, E n g lan d ).
C olum n p a c k in g  = R e v e rs e -p h a s e  O D S-H ypersil, p a r t i c l e  
s i z e  5 pm.
Pump = A lte x  110 A.
R eco rd er = V i ta t r o n  10 mV.
Wave le n g th  = 266 nm.
C h a rt speed  = 0 .5  cm .m in. .
Flow r a t e  = 0 .7  m l.m in . .
M obile p hase  = M ethanol : Ammonium c a rb o n a te  (0 .0 2 5  M).
50 : 50 .
I n je c t io n  volume = 5 p i .
R e te n tio n  tim e  = c i r c a  2 .8  m in.
L im it o f  d e te c t io n  = 0 .1 0  pg .m l .
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1 .2 .1 .3  P ro ced u re  o f  a n a ly s i s
C lo r s u lo n  w as d e t e r m in e d  i n  se ru m  s a m p le s  by  ■; h ig h  
p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  u s i n g  d i - e t h y l  e t h e r  
e x t r a c t io n .
A l iq u o t s  o f  1 m l o f  se ru m  s a m p le s  w e re  in t r o d u c e d  i n t o  a  
50 m l t h i c k - w a l l e d  g l a s s  tu b e  u s in g  a  1 m l g l a s s  b u l b - p i p e t t e .  
1 ml o f  p h o sp h a te  b u f f e r  (pH 7.4) was added and fo llo w e d  by 25 ml 
o f  d i - e t h y l  e t h e r .  The tu b e s  w e re  s to p p e r e d  an d  s h a k e n  f o r  t e n  
m in u te s  on  a  r o t a r y  m ix e r .  2 0  m l o f  t h e  u p p e r  e t h e r  l a y e r  w as 
t r a n s f e r r e d  to  50 ml th in - w a l le d  g la s s  tu b e s .
A f u r t h e r  25 m l d i e t h y l  e t h e r  w as a d d e d  t o  e a c h  s a m p le  i n  
th e  f i r s t  tu b e s ,  s to p p e re d  and shaken f o r  te n  m in u te s . 25 ml o f  
t h e  u p p e r  e t h e r  l a y e r  w as rem o v ed  an d  co m b in ed  w i th  t h e  2 0  m l 
e th e r  e x t r a c t s  in  th e  th in - w a l le d  tu b e s .
E th e r  e x t r a c t s  w ere e v a p o ra te d  on a  d ry -b a th  a t  50°C u n d e r a  
s tre a m  o f  n i t r o g e n  t o  a  volum e o f  a p p ro x im a te ly  4 - 6  m l. They 
w ere th e n  t r a n s f e r r e d  t o  1 0  ml c o n ic a l  tu b e s  and th e  w a l l s  o f  
t h e  t h i n  tu b e s  w e re  w ash ed  w i t h  3 x  1 m l e t h e r .  The w a s h in g s  
w e re  co m b in ed  e a c h  t im e  w i th  t h e  e t h e r  e x t r a c t s  i n  t h e  c o n i c a l  
tu b e s .
The e th e r  e x t r a c t s  w ere e v a p o ra te d  t o  d ry n e ss . S id e s  o f  th e  
tu b e s  w e re  w ash ed  down w i th  1 - 2  m l e t h e r  and  e v a p o r a te d  t o  
d ry n e s s .
F o r HPLC a n a ly s i s ,  th e  r e s id u e  was r e c o n s t i tu te d  in  100 p i  
m ethano l and p la c e d  in  an  u l t r a s o n ic  w a te r  b a th  f o r  tw o  m in u te s  
t o  a id  d is s o lu t io n .  R es id u es  o f  5 p i  w ere i n j e c te d  o n to  th e  HPLC 
colum n u s in g  a  1 0  p i  m ic ro sy rin g e .
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1 .2 ,1 .4  P r e p a ra t io n  o f  s ta n d a rd s  and r e c o v e r ie s
1S to c k  s o l u t i o n  (100 p g .m l ) o f  c l o r s u l o n  i n  p h o s p h a te  
b u f f e r  (pH 7.4) was p re p a re d  by d is s o lv in g  10 mg o f  p u re  compound 
in  100 ml pH 7 .4  p h o sp h a te  b u f f e r .
S p ik e s  c o n t a i n i n g  0 , 0 .2 , 0 .5 , 1 .0 , 2 .0  an d  5.0  p g .m l”  ^ w e re  
p re p a re d  by ad d in g  known am ounts o f  th e  d ru g  i n  s to c k  s o lu t io n  to  
b o v in e  d r u g - f r e e  se ru m . The s p ik e s  w e re  ta k e n  th r o u g h  t h e  
a n a l y t i c a l  p ro ced u re  w ith  th e  a c tu a l  p lasm a sam ples.
_ - t
A s ta n d a rd  s o lu t io n  o f  1 0  pg .m l c lo r s u lo n  in  m eth an o l was 
c h ro m a to g ra p h e d  a t  r e g u l a r  i n t e r v a l s  t o  m o n i to r  a n y  c h a n g e  i n  
c h r o m a to g r a p h ic  s e n s i t i v i t y  an d  to  d e te rm in e  th e  re c o v e ry  from  
th e  sp ik e d  serum  sam ples a s  f o l lo w s : -
From  t h e  p e a k  h e i g h t s  (p k .h t )  o b t a in e d ,  t h e  p e r c e n ta g e  
re c o v e ry  o f  each  c o n c e n tr a t io n  i s  d e te rm in e d  u s in g  t h i s  fo rm u la
P e rc e n ta g e  p k .h t .s a m p le  c o n c .s ta n d a rd  (pg .m l '.)
re c o v e ry  =  ----------------------- x ---------------------------------- — *
p k . h t . s ta n d a rd  co n c . p re p a re d  (pg .m l- *^ )
v o l .  o f  r e s id u e  (ml) 1 0 0
x ------------------------------------- x  100 x   (S o lv e n t lo s s e s )
v o l .  o f  serum  used  (ml) 96
The p e rc e n ta g e  r e c o v e r ie s  from  each  o f  th e  sp ik e d  serum  w ere 
c a l c u l a t e d  (T a b le  2 .1 .1 ) an d  t h e  c o n c e n t r a t i o n s  i n  t h e  se ru m  
s a m p le s  a n a ly s e d  c o n c u r r e n t l y  w e re  a d ju s te d  f o r  re c o v e ry  u s in g  
th e  c a lc u la te d  mean v a lu e  f o r  re c o v e ry  from  th e  sp ik e d  sam p les .
_-j
p k .h t .s a m p le  c o n c .s ta n d a rd  (pg.m l )
C o n c e n tra tio n  (pg .m l ) = --------------------  — x ---------------------------------------
p k .h t .s ta n d a r d  v o l .  serum  u sed  (ml)
R esidue  volume (ml) 100
x  — ------------------------------  x    x  1 0 0
R ecovery % 96
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TABLE 2 .1 .1
RECOVERIES OF CLORSULON EROM SPIKED SERXM
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Amount c lo r s u lo n  Amount c lo r s u lo n  
added t o  d ru g -
f r e e  serum (pg) m easured (pg)
R a tio  a ssay ed
Mean _+ S.E.M .
t o  added
0 . 2 0 . 2 0 . 2 0 . 1 0 . 2 + 0 .03 1 . 0 0
0 .5 0 .4 0 .5 0 .4 0 .4 + 0 .0 3 0 .8 0
1 . 0 1 . 0 0 . 8 0 .9 0 .9 + 0 .06 0 .90
2 . 0 1 .5 1 . 6 1 . 8 1 . 6 + 0 .0 8 0 .8 0
5 .0 4 .9 4 .5 4 .7 4 .7 + 0 . 1 1 0 .9 0
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1 .3  E xperim en ts w ith  c lo r s u lo n
1 .3 .1  A nim als
F i f te e n  cows o f  m ixed b re e d , w e igh ing  be tw een  350 -  500 kg. 
w ere  used  i n  th e  s tu d y .
The cows w ere d iv id e d  in t o  th r e e  g roups ( f iv e  cows in  each  
g ro u p ), fe d  hay and c o n c e n tr a te s ,  w a te r  was a v a i la b l e  ad  l i b i tu m . 
The s tu d y  was done in  c o n ju n c tio n  w ith  Merck and Co., In c . u s in g  
an im a ls  b e lo n g in g  t o  th e  company.
1 .3 .1  Drug a d m in is t r a t io n
C lo r s u lo n  i n  a  10% s u s p e n s io n  (w /v ) w as a d m i n i s t e r e d  
subcu tan eo u s ly  t o  each  o f  th e  f i v e  cows in  Group I  a t  a  d o se  r a t e  
o f  4 mg.kg .
Group I I  cows re c e iv e d  su b cu tan eo u s i n j e c t i o n  o f  a  20% (w /v) 
su sp e n s io n  a t  a do se  r a t e  o f  4 mg.kg .
Cows in  Group I I I  w ere dosed  o r a l l y  w ith  c lo r s u lo n  a t  a  d o se  
r a t e  o f  7 mg.kg .
1 .3 .3  Sam pling regim en
B lo o d  s a m p le s  w e re  w ith d ra w n  fro m  e a c h  a n im a l  f ro m  t h e  
ju g u la r  v e in  in t o  v a c u ta in e r s  u s in g  19 gauge n e e d le s  im m e d ia te ly  
b e f o r e  an d  a t  12 , 2 4 , 36 , 48 , 60 , 72 , 8 4 , 96 , 10 8 , 12 0 , 1 3 2 , 1 4 4 , 
156, 168 and 180 h o u rs  a f t e r  a d m in is t r a t io n  o f  th e  d ru g .
1 .3 .4  T rea tm en t o f  sam ples
The b lo o d  sam p les w ere l e f t  t o  s ta n d  ( fo r  one hour) a t  room 
t e m p e r a t u r e  (18°C ). When t h e  se ru m  w as s e p a r a t e d  i t  w as 
t r a n s f e r r e d  i n t o  10 m l p l a s t i c  tu b e s  an d  s t o r e d  a t  -2 0 °C  u n t i l  
a n a ly se d .
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1 .4  B in d in g  o f  c lo r s u lo n  t o  b o v in e  p la s m  p r o te in s
In  v i t r o ,  t h e  e x t e n t  o f  b in d in g  o f  c l o r s u l o n  t o  b o v in e  
p la sm a p r o te in s  was in v e s t ig a te d .
B o v in e  d r u g - f r e e  p la s m a  w as s p ik e d  i n  d u p l i c a t e ,  w i th  
c l o r s u l o n  a t  20 an d  40 p g .m l The p la sm a  s a m p le s  w e re  
i n t r o d u c e d  i n t o  a n  A m ic o n  c e n t r i c o n  m i c r o c o n c e n t r a t o r  
(F ig u re  2.1.2) and c e n t r i f u g e d  u s in g  a  f ix e d  a n g le  MSE c e n t r i f u g e  
a t  5000 x g f o r  two h o u rs .
P la s m a  u l t r a f i l t r a t e s  w e re  c o l l e c t e d  i n  a  r e s e r v o i r  c a p . 
The c o n c e n t r a t i o n  o f  f r e e  c l o r s u l o n  i n  t h e  f i l t r a t e s  w e re  
a n a ly se d  by h ig h  p erfo rm an ce  l i q u id  ch rom atography  a s  d e s c r ib e d  
in  S e c t io n  1 .2 .1 .
1 .4 .1  C a lc u la t io n s  o f  p e rc e n ta g e  b in d in g
The p e rc e n ta g e  b in d in g  o f  c lo r s u lo n  t o  p lasm a p r o te in s  was 
c a lc u la te d  u s in g  th e  fo llo w in g  fo rm u la :
% bound = 1 0 0  -
1 .5  R e s u l ts
C o n c e n tra tio n  o f  f r e e  d rug  in  p lasm a u l t r a f i l t r a t e s
 x  1
C o n c e n tra tio n  o f  d ru g  i n  w hole plasm a
1 .5 .1  C o n c e n tra tio n  o f  c lo r s u lo n  in  serum
The c o n c e n tr a t io n  o f  c lo r s u lo n  i n  serum  o f  each  cow and th e  
m ean se ru m  c o n c e n t r a t i o n  _+ S.E.M. a t  e a c h  s a m p l in g  t i m e  a f t e r
subcu tan eo u s a d m in is t r a t io n  o f  th e  1 0 % and th e  2 0 % su sp e n s io n  a t
—1 —1 4 m g.kg an d  a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  a t  7 m g.kg a r e
i l l u s t r a t e d  in  T ab le s  2 .1 .2 ,  2 .1 .3  and 2 .1 .4  r e s p e c t iv e ly .
The d i s p o s i t i o n  c u rv e s , b ased  on th e  mean c o n c e n tr a t io n s  o f
c l o r s u l o n  i n  s e ru m  o f  c o w s  i n  e a c h  g r o u p  a r e  sh o w n  i n
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Figure: 2.1.3.
F o r  e a c h  a n im a l ,  t h e  se ru m  c o n c e n t r a t i o n / t i m e  c u r v e  w as 
a n a ly s e d  u s in g  a  n o n - l i n e a r  i t e r a t i v e  c u r v e  f i t t i n g  p ro g ram m e 
(CSTRIP) o f  Sedman and Wagner (1976). The p h a rm a c o k in e tic  m odel 
o f  th e  d i s p o s i t i o n  o f  c lo r s u lo n  was a l s o  f i t t e d  t o  th e  av e ra g ed  
serum  d a ta .  The mean v a lu e s  o f  in d iv id u a l  p a ra m e te rs  w ere found 
t o  b e  c l o s e  t o  t h o s e  o b t a i n e d  f r o m  t h e  a v e r a g e d  d a t a  
(T ab le s  2 .1 .5 ,  2 .1 .6  and 2 .1 .7 ) .
The p h a rm a c o k in e tic  d a ta  o f  in d iv id u a l  a n im a ls  i n  each  g roup  
w ere found to  conform  a d e q u a te ly  t o  a  tw o -com partm en t open m odel 
u s in g  th e  b ie x p o n e n t ia l  e q u a tio n .
C = A e a t  + Be"
F o r each  cow, th e  e l im in a t io n  h a l f  l i f e  ( c a lc u la te d  from  th e  
te rm in a l  phase) and th e  a re a  u n d er serum  c o n c e n t r a t io n / t im e  c u rv e  
(AUC) w ere o b ta in e d  from  th e  same c u r v e - f i t t i n g  p ro ced u re  (Sedman 
and Wagner 1976) (T ab les  2 .1 .5 ,  2 .1 .6  and 2 .1 .7 ) .
The e l im in a t io n  h a l f  l i f e  ( t  1 /2  ) o f  c lo r s u lo n  fo l lo w in g
th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  1 0  and 2 0 % su sp e n s io n s  a t  
e q u a l  d o s e s  (4 m g.kg ) w e re  fo u n d  t o  b e  29 .9  _+ 3 .2  h an d
20 .5  +_ 3 .2  h  r e s p e c t iv e ly .  F o llo w in g  th e  o r a l  a d m in is t r a t io n  o f  
c lo r s u lo n  a t  7 mg.kg"^, th e  e l im in a t io n  h a l f  l i f e  ( t  1 / 2  (3 ) was 
found t o  be  16 .4  _+ 1 .6  h .
C lo rsu lo n  was w e ll  ab so rb ed  from  th e  subcu tan eo u s t i s s u e s  t o  
th e  p e r ip h e r a l  c i r c u l a t i o n  fo llo w in g  th e  a d m in is t r a t io n  o f  th e  1 0  
and 2 0 % su sp e n s io n s  t o  o b ta in  maximum c o n c e n tr a t io n  in  serum  o f
2.3  an d  4.3 p g .m l a t  24 an d  12 h o u r s  p o s t  a d m i n i s t r a t i o n  
r e s p e c t iv e ly .  T h e re a f te r  th e  c o n c e n tra t io n  o f  c lo r s u lo n  in  serum  
d e c r e a s e d  e x p o n e n t i a l l y .  A t 168  a n d  144  h o u r s  p o s t
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a d m i n i s t r a t i o n ,  t h e  c o n c e n t r a t i o n s  o f  c l o r s u l o n  i n  se ru m  f e l l  
below  th e  l i m i t  o f  d e te c t io n  o f  th e  m ethod (0 . 1 0  pg .m l- ^ ) a f t e r  
s u b c u t a n e o u s  i n j e c t i o n  o f  t h e  1 0  a n d  2 0 % s u s p e n s i o n s  
r e s p e c t iv e ly .
F o llo w in g  th e  o r a l  a d m in is t r a t io n ,  c lo r s u lo n  was a l s o  w e ll  
ab so rb ed  t o  a t t a i n  a  mean maximum c o n c e n tr a t io n  o f  4.0 pg.m l 24 
h o u rs  a f t e r  a d m in is t r a t io n .  The c o n c e n tr a t io n s  o f  c lo r s u lo n  in  
serum  th e n  d e c l in e d  s lo w ly  and c lo r s u lo n  c o u ld  n o t  be  d e te c te d  a t  
1 2 0  h o u rs  p o s t  a d m in is t r a t io n .
1 .5 .2  B in d in g  o f  c lo r s u lo n  t o  plasm a p r o te in s
A m ean c o n c e n t r a t i o n  o f  1.2 an d  2 .3  p g .m l"^  c l o r s u l o n  w as 
d e t e c t e d  i n  p la s m a  u l t r a f i l t r a t e s  o b t a in e d  fro m  p la s m a  s p ik e d  
w ith  20 and 40 p g .m l c lo r s u lo n  r e s p e c t iv e ly .
A c c o rd in g  t o  t h e  e q u a t i o n  d e s c r i b e d  i n  S e c t i o n  1 .4 .1  
c lo r s u lo n  was found to  be  94% bound t o  plasm a p r o te in s .
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TABLE 2 .1  .2
OONCENDRATIGNS (p g .m l- 1 ) OF CLORSULON IN SERUM AFTER
SUBCUTANEOUS ADMINISIRAnON OF CLORSULON (10% w /v )





--------------------------------------------------------------  Mean _+ S.E.M .
17 33 49 77 90
0 0 0 0 0 0
1 2 1 .7 2 .5 2 .3 1 . 6 3.1 2 . 2 +_ 0 .3
24 2 . 2 2 . 8 2 . 0 1 .7 3.1 2 .3 +■ 0 .3
36 1 . 8 1 .9 1 . 6 1 .4 1 .7 1 .7 jf 0 . 1
48 1 .5 1 . 6 1 .5 1 . 0 0 . 8 1 .3 _+ 0 . 2
60 1 . 0 1 .3 0 .7 0 .4 0 .5 0 . 8 +_ 0 . 2
72 0 . 8 0 . 6 0 .9 0 .5 0 .4 0 .7 +_ 0 . 1
84 0 . 6 0 . 8 0 . 8 0 .4 0 . 2 0 . 6 4- 0 . 1
96 0 .5 0 . 6 0 .5 0 . 2 0 . 1 0 .4 _+ 0 . 1
108 0 .4 0 .5 0 .5 0 .4 0 . 1 0 .4 4^ 0 . 1
1 2 0 0 .4 0 .4 0 .4 0 .4 0 . 1 0 .3 _+ 0 . 1
132 0 .3 0 . 2 0 . 2 0 . 2 0 0 . 2 +_ 0 . 1
144 0 .3 0 . 2 0 . 2 0 . 1 0 0 . 2 jf 0 . 1
156 0 . 1 0 . 1 0 . 2 0 . 1 0 0 . 1 _+ 0 . 1
168 0 0 . 1 0 . 1 0 . 1 0 0
180 0 0 0 0 0 0
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TABLE 2 . 1 . 3
CCNCENTDRMTONS (p g .m l- 1 ) OF CXORSUDON IN SERUM AFTER
SUBCUTANEOUS ADMINISTRATION OF CLQRSUDON (20% w /v ) AT A





--------------------------------------------------------------  Mean _+ S.E.M.
16 18 26 32 64
0 0 0 0 0 0
1 2 1 .4 7 .7 3 .2 2 .9 6 . 0 4 .3 _+ 1 . 1
24 1 .3 4.1 3 .5 2 . 6 6 . 1 3 .5 +_ 0 . 8
36 0 .9 2 .5 2 .5 1 .4 4 .6 2 .4 _+ 0 . 6
48 0 . 6 1 . 6 1 .5 0 . 6 2 . 2 1 .3 •+ 0 .3
60 0 .4 0 .9 1 .3 0 .4 1 .4 0 .9 +_ 0 . 2
72 0 . 2 0 .4 0 . 8 0 . 2 0 .7 0 .5 + 0 . 1
84 0 . 1 0 .3 1 . 0 0 . 1 0 . 6 0 .4 +_ 0 . 2
96 0 . 1 0 . 2 0 .4 0 . 1 0 . 2 0 . 2 0 . 1
108 0 . 1 0 . 1 0 .4 0 . 1 0 . 2 0 . 2 +_ 0 . 1
1 2 0 0 . 1 0 . 1 0 .4 0 . 1 0 . 1 0 . 1 +_ 0 . 1
132 0 0 0 .4 0 0 . 1 0 . 1 +_ 0 . 1
144 0 0 0 . 2 0 0 . 1 0
156 0 0 ° - 1 0 0 0
168 0 0 0 . 1 0 0 0
180 0 0 0 0 0 0
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TABLE 2 . 1 . 4
OONCENTRATICNS (p g .m l- 1 ) OF CXORSULON IN SERUM AFTER
ADMINISTRATION OF CLQRSUDON ORALLY AT A DOSE RATE
OF 7 m g.kg-1  IN FIVE OOW5.
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Time Animal number
(h) 58 84 98 1 0 0 106
0 0 0 0 0 0
1 2 1 .7 3 .0 2 . 2 1 .7 1 .5 2 . 0 + 0 .3
24 4 .6 2 . 6 3 .6 3 .8 5 .9 4 .0 + 0 . 6
36 3 .7 1 .5 1 .9 2 . 6 4 .5 2 .9 + 0 . 6
48 1 . 8 1 .3 1 .3 1 .5 2 . 2 1 . 6 + 0 . 1
60 1 . 6 0 . 8 0 .7 0 .9 1 . 2 1 . 0 + 0 . 1
72 1 . 1 0 .4 0 .3 0 .5 1 . 0 0 .7 + 0 . 2
84 0 .7 0 .4 0 .3 0 .3 0 .5 0 .4 + 0 . 1
96 0 .4 0 . 2 0 . 1 0 . 1 0 .3 0 . 2 + 0 . 1
108 0 .3 0 . 2 0 0 . 2 0 . 1 0 . 2 + 0 . 1
1 2 0 0 . 1 0 . 1 0 0 . 1 0 . 1 0
132 0 . 1 0 . 1 0 0 0 . 1 0
144 0 0 0 0 0 0
156 0 0 0 0 0 0
168 0 0 0 0 0 0
180 0 0 0 0 0 0
1 0 0
TABLE 2 . 1 . 5
PHARMAOOKINEnC CONSTANTS FOR CXORSULON IN COWS (n  = 5 )
FOLLOWING SUBCUTANEOUS ADMINISTRATION OF THE 10% SUSPENSION













t  1 / 2  ( a ) 
(h)





17 -  3 .8 0 3 .80 0 .0 9 0 . 0 2 7 .40 32 .80 138.30
33 -  5 .4 0 5 .4 0 1 . 0 0 0 . 0 2 7 .00 29 .00 173.10
49 -  3 .40 3 .40 0 . 2 0 0 . 0 2 3 .80 35 .60 155.30
77 -  2 .30 2 .30 0 . 2 0 0 . 0 2 3 .50 34 .00 101.60
90 -  6 . 1 0 6 . 1 0 0 . 2 0 0 .03 3 .70 18 .10 126.50
Mean -  4 .20 4 .20 0 .30 0 . 0 2 5 .10 29 .90 139.00
+S.E.M. + 0 .70 + 0 .7 0 + 0 . 2 0 +0 . 0 2 + 0 .90 + 3 .2 0 + 12 .30
A veraged
v a lu e s -  3 .90 3 .90 0 . 1 0 0 . 0 2 5 .1 0 29.70 140.00
1 0 2
TABLE 2 . 1 . 6
PHARMACOKINETIC CONSTANTS FOR CLCRSULON IN CDWS (n  = 5 )
AFTER SUBCUTANEOUS ADMINISTRATION OF THE 20% SUSPENSION
AT A SINGLE DOSE RATE OF 4 mg. kg-1 .
1 0 3





jag.ml h " 1 h " 1 (h) (h) pg.m l .h
16 -  2 .3 0 2 .3 0 0 .30 0 .03 2 .70 22.90 67.30
18 -  9 .70 9 .70 0 . 1 0 0 .0 4 4 .90 17.10 170.70
26 -  5 .00 5 .00 0 . 1 0 0 . 0 2 4 .70 31 .50 193.60
32 -  9 .20 9 .20 0 . 1 0 0 .05 5 .50 12.90 98 .50
64 -1 3 .6 0 13.60 0 . 1 0 0 .03 5 .10 18.20 258.00
Mean -  8 . 0 0 8 . 0 0 0 . 2 0 0 .03 4 .60 20.50 157.60
+ S.E.M. + 2 . 0 0 + 2 . 0 0 + 0 .0 4 +0.05 + 0 .50 + 3 .2 0 + 34 .30
A veraged -  7 .20 7 .20 0 . 2 0 0 .0 3 3 .10 2 0 . 1 0 177.40
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TABLE 2 . 1 . 7
PHARMACOKINETIC CONSTANTS FOR CLQRSULON ADMINISTERED
ORALLY TO FIVE C3CWS AT A SINGLE DOSE RATE OF 7 m g.kg- 1 .
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Animal A B a /5 t  1 / 2  ( a ) t  1 / 2  ( 0 ) AUC
number
•i
pg .m l pg .m l h " 1 h " 1 (h) (h)
1
p g .m l .h
58 -  23 .20 23.20 0 .0 7 0 .05 9 .30 15 .10 194.10
84 -  5 .00 5 .0 0 0 . 2 0 0 .03 3 .40 2 2 . 2 0 135.50
98 -  14.30 14.30 0 . 1 0 0 .0 5 6 .50 13.30 141.60
1 0 0 -  10 .50 10.50 0 .07 0 .0 4 10.40 17.00 99.30
106 -  25 .20 25 .20 0 .09 0 .05 8 . 0 0 14.30 228 .30
Mean -  15 .60 15.60 0 . 1 0 0 .0 4 7 .50 16.40 159.80
+S.E.M. + 3 .80 + 3 .80 + 0 . 0 2 +0.04 + 1 . 2 0 + 1 .6 0 + 23 .00
A veraged -  9 .20 9 .20 0 . 1 0 0 .0 4 6 .40 18 .70 163.10
1 0 6




FIGURE 2 . 1 . 3
MEAN SERUM CONCENTRATIONS (p g .m l-1 ) OF CUGRSUDQN AFTER 
SUBCUTANEOUS ADMTNISTRATION OF 10% AND 20% SUSPENSIONS OF 
ODQRSUDON TO CATTLE AT A DOSE RATE OF 4 mg. kg-1 AND AFTER 
ORAL ADMINISTRATION AT 7 m g.kg-1 .
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4 -
■ ......■  7 mg.kg 1 oral
• • — # 4  mg.kg-1 subcutaneous(20%) 
• ------# 4  mg.kg-1 subcutaneous( 10%)
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1.6 Discussion
F lu k ic id a l  a n th e lm in t ic s  have been  shown to  b in d  s t r o n g ly  to  
p la sm a p r o te in s  and th e r e f o r e  th e y  w i l l  be  e x c re te d  s lo w ly  from  
th e  body (Broome and Jo n es  1966; Lee 1973).
The h ig h  b in d in g  o f  c lo r s u lo n  (94%) t o  p lasm a p r o te in s  found 
i n  t h i s  s tu d y  i s  p r o b a b ly  t h e  r e a s o n  f o r  t h e  lo n g  e l i m i n a t i o n  
h a l f  l i f e  o f  th e  d ru g .
A lth o u g h  t h e  m ean c o n c e n t r a t i o n s  o f  c l o r s u l o n  i n  se ru m  
fo llo w in g  th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  2 0 % su sp e n s io n  
w e re  fo u n d  t o  b e  h i g h e r  th a n  t h o s e  f o l l o w i n g  t h e  s u b c u ta n e o u s  
a d m in is t r a t io n  o f  th e  1 0 % su sp e n s io n  in  a  few  e a r ly  sam p les  (from  
12-36 h o u rs ) , w hich a p p e a rs  t o  be due . to  r a p id  a b s o rp t io n  in  one 
a n im a l  i n  G roup I I  (N o .18), t h e  d i s p o s i t i o n  k i n e t i c s  o f  t h e  tw o  
su sp e n s io n s  ap p ea r t o  be s i m i l a r  i n  shape. T h i r ty - s ix  h o u rs  p o s t  
a d m i n i s t r a t i o n ,  t h e  c o n c e n t r a t i o n s  o f  c l o r s u l o n  i n  s e ru m  w e re  
r e l a t i v e l y  c lo s e  fo llo w in g  a d m in is t r a t io n  o f  b o th  s u sp e n s io n s .
A b s o r p t i o n  o f  c l o r s u l o n  f o l l o w i n g  t h e  s u b c u t a n e o u s  
a d m in is t r a t io n  o f  e q u a l d o se s  o f  b o th  su sp e n s io n s  was found  t o  be 
r e l a t i v e l y  r a p i d .  Mean a b s o r p t i o n  h a l f  l i v e s  ( t  1 /2  (X ) o f
5.1 _+ 0 .9  h an d  4.6 +_ 0 .5  h w e re  fo u n d  a f t e r  t h e  s u b c u ta n e o u s  
a d m in is t r a t io n  o f  th e  1 0  and 2 0 % su sp e n s io n s  r e s p e c t iv e ly .
T he  s lo w  e l i m i n a t i o n  o f  c l o r s u l o n  [ t  1 /2  ( /3 ) = 
2 9 .9  +_ 3 .2  h ] f o l l o w i n g  s u b c u ta n e o u s  a d m i n i s t r a t i o n  o f  t h e  10% 
s u s p e n s io n  a p p e a r s  t o  b e  o f  v a lu e  f o r  a  h ig h  a c t i v i t y  a g a i n s t  
l i v e r  f lu k e  in f e c t io n s ,  s in c e  th e  lo n g e r  e l im in a t io n  o f  th e  d ru g  
from  th e  body was found t o  be  a s s o c ia te d  w ith  a  h ig h e r  f l u k i c i d a l  
a c t i v i t y  (L ee 1973).
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In  r e l a t i n g  th e  f l u k i c i d a l  a c t i v i t y  w ith  th e  p h a rm a c o k in e tic  
b e h a v io u r  o f  t h e  d r u g s ,  i t  w as fo u n d  t h a t  t h e  d u r a t i o n  o f  
ex p o su re  o f  l i v e r  f lu k e s  t o  th e  d ru g  i s  a s  im p o r ta n t  a s  th e  h ig h  
c o n c e n t r a t i o n  o f  t h e  d ru g  i n  t h e  body  (C o rb a  e t  a l  1 9 7 9 ), T h is  
i s  n o t  u n e x p e c te d  o f  a  d ru g  w hose  p u t a t i v e  mode o f  a c t i o n  
in v o lv e s  i n h i b i t i o n  o f  m e ta b o lic  enzym es.
The e l i m i n a t i o n  h a l f  l i v e s  o f  c l o r s u l o n  [ t  1 /2  { (3)] 
fo llo w in g  th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  2 0 % su sp e n s io n  
w as fo u n d  t o  b e  n o t  s i g n i f i c a n t l y  h i g h e r  (P > 0 .05 ) th a n  th o s e  
fo llo w in g  th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  1 0 % su sp e n s io n  
a t  e q u a l dose  r a t e s  (4 mg.kg ) .
The d i s p o s i t i o n  k i n e t i c s  o f  c l o r s u l o n  a f t e r  t h e  o r a l  
a d m in is t r a t io n  a t  7 mg.kg i s  c h a r a c te r i s e d  by a  s low  a b s o rp t io n  
p h a s e  h a v in g  a  m ean a b s o r p t i o n  h a l f  l i f e  [ t  1 / 2  ( c e ) ] o f
7 .5  + 1 .2  h w h ic h  w as f o l lo w e d  by  a  s i n g l e  r a p i d  e l i m i n a t i o n  
p h ase  w ith  a  mean h a l f  l i f e  [ t  1 /2  ( (3)] o f  16 .4  _+ 1 .6  h .
When t h e  AUCs o f  c l o r s u l o n  f o r  e a c h  cow f o l l o w i n g  t h e  
s u b c u ta n e o u s  a d m i n i s t r a t i o n  o f  4 m g.kg o f  t h e  10 an d  20%
-t
su sp e n sio n , w ere c o r r e c te d  to  7 mg.kg-  ( th e  o r a l l y  a d m in is te re d  
d o s e  r a t e ) ,  an d  t h e  AUC a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  f o r  e a c h  
a n im a l  w e re  s u b j e c t e d  t o  o n e  way a n a l y s i s  o f  v a r i a n c e ,  i t  w as 
found t h a t  th e  AUC a f t e r  th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  
10% s u s p e n s io n  w as s i g n i f i c a n t l y  h i g h e r  (P > 0 .05 ) th a n  th o s e  
fo llo w in g  th e  subcu tan eo u s a d m in is t r a t io n  o f  th e  2 0 % s u sp e n s io n  
and a f t e r  th e  o r a l  a d m in is t r a t io n .
The mean b i o - a v a i l a b i l i t y  o f  c lo r s u lo n  d e te rm in e d  from  th e  
r a t i o  o f  t h e  c o r r e c t e d  m ean AUC f o l l o w i n g  t h e  s u b c u ta n e o u s  
i n j e c t i o n  o f  th e  1 0  and 2 0 % su sp e n sio n  r e l a t i v e  t o  t h a t  a f t e r  th e
1 1 0
o r a l  a d m in is t r a t io n  was found t o  be  152 .4  and 98.3% r e s p e c t iv e ly .
The r e s u l t s  o f  th e  p r e s e n t  s tu d y  shows t h a t  a d m in is t r a t io n
o f  c l o r s u l o n  s u b c u ta n e o u s ly  o r  o r a l l y  t o  c a t t l e  p ro d u c e s
r e l a t i v e l y  s i m i l a r  p a t t e r n s  o f  d i s p o s i t i o n  k in e t i c s .  I t  w ould
a l s o  a p p e a r  t h a t  t h e  s u b c u ta n e o u s  a d m i n i s t r a t i o n  o f  t h e  1 0 %
s u s p e n s io n  a t  a  d o s e  r a t e  o f  4 m g.kg p ro d u c e d  h ig h  se ru m
c o n c e n tr a t io n s  and f o r  lo n g e r  p e r io d s  th a n  a f t e r  th e  su b cu tan eo u s
a d m in is t r a t io n  o f  th e  2 0 % su sp e n s io n  and th e  o r a l  a d m in is t r a t io n .
Me
T h is  p ro lo n g e d  r e s i d e n c e  t i m e  o f  c l o r s u l o n  in lb o d y  i s  o f  g r e a t  
v a lu e  f o r  a  h ig h  f l u k i c i d a l  a c t i v i t y .
CHAPTER 2
PHARMACDKENETTIC STUDIES OF RATOXANIDE IN SHEEP
2 . P h arm aco k in e tic  s tu d ie s  o f  ra fo x a n id e  in  sheep
2.1 In t ro d u c t io n
2 .1 .1  E f f ic a c y
I n  1969 M ro z ik  e t  a l  r e p o r t e d  t h e  d i s c o v e r y  o f  a  new 
f a s c i o l i c i d a l  com pound, r a f o x a n i d e ,  o n e  o f  t h e  h a lo g e n a te d  
s a l i c y l a n i l i d e s .
R afoxan ide  (F lu k an id e , R a n iz o le  MS & D) i s  th e  g e n e r ic  name 
o f  3 ,5 -D iio d o -3 l- c h lo r o - 4 - ( p - c h lo r o - p h e n o x y ) - s a l ic y la n i l id e .  The 
ch e m ic a l s t r u c t u r e  i s  shown i n  F ig . 2.2.1. I t  was s y n th e s is e d  a t  
th e  Merck Sharp  and Dohme R esearch  L a b o ra to r ie s ,  New J e r s e y ,  USA, 
b y  r e a c t i n g  3 , 5 - d i i o d o s a l i c y l i c  a c i d  w i th  3 - c h l o r o - 4 - ( p -  
c h lo ro p h e n o x y )-a n ilin e . R ax o fan id e  i s  a  c o l o u r l e s s  c r y s t a l l i n e  
s o l id  compound in s o lu b le  in  w a te r , m o d e ra te ly  s o lu b le  in  o rg a n ic  
s o lv e n ts  and s e n s i t i v e  t o  l i g h t .
R afoxan ide  was in tro d u c e d  t o  th e  a n th e lm in t ic  m a rk e t a s  an
_ -i
o r a l  s u s p e n s io n ,  g iv e n  a t  7 .5  m g.kg (F lu k a n id e  MS & D 3.0% 
w /v ), a s  an  in j e c t a b l e  fo rm u la tio n  g iv e n  a t  3 mg.kg- (F lu k an id e  
7.5% w /v ) ,  an d  a s  a  p a s t e  an d  i n  c o m b in a t io n  w i th  t h i a b e n d a z o l e  
( R a n iz o le  MS & D).
S in ce  i t s  ap p ea ran ce  and g e n e ra l  u se , r a fo x a n id e  h as  p ro v ed  
t o  b e  a n  e f f e c t i v e  f a s c i o l i c i d e  a g a i n s t  F a s c i o l a  h e p a t i c a  an d  
F a s c io la  g i g a n t i c a  i n  s h e e p  (M ro z ik  e t  a l  1969 ; B o ra y  1 9 6 9 ; 
Armour and Corba 1970; C am pbell e t  a l  1970; Ross 1970; C am pbell 
an d  H otson 1971 ; R o n c a l l i ,  F e rn a n d e z  an d  B a rb o s a  1 971 ; E d w a rd s  
an d  P a r r y  1972b ; H o rak , S n i j d e r s  an d  Louw 1972 ; S n i j d e r s ,  H o rak  
an d  Louw 1973 ; Annen 1974; C a m p b e ll an d  B ro to w id jo y o  1 9 7 5 ) , 
c a t t l e  (S n i jd e r s ,  Horak and Louw 1971; Knapp and P re s id e n te  1971; 
S n i j d e r s ,  Louw an d  S e r r a n o  1971 ; P r e s i d e n t e  and  Knapp 1 9 7 2 ;
1 1 2
Cam pbell and N a re l le  1972; S n i jd e r s  and Horak 1975;. W hitelaw  and 
F a w c e tt 1981; D obbins and W e llin g to n  1982) and i n  r a t s  (Duwel and 
M etzger 1 9 7 3 ).
A c t i v i t y  o f  r a f o x a n i d e  a g a i n s t  t h e  im m a tu re  f l u k e s  i n  th e  
l i v e r  parenchym a h as  been  s tu d ie d .  Armour and Corba (1970) have 
r e p o r t e d  e f f i c a c i e s  o f  9 8 , 99 an d  98% a g a i n s t  f o u r  w eek  o ld  
f l u k e s  w hen r a f o x a n i d e  w as a d m i n i s t e r e d  o r a l l y  a t  7 .5 , 10 an d
-i
15 mg.kg r e s p e c t iv e ly ,  w h ile  Ross (1970) found t h a t  ra fo x a n id e
was 45 and 67% e f f i c i e n t  when a d m in is te re d  in t r a r u m in a l ly  t o  fo u r
month o ld  lam bs a t  7.5 and 10 mg.kg r e s p e c t iv e ly .  E f f ic a c y  o f
> 50 -  90% w as r e p o r t e d  by  M ro z ik  e t  a l  (1969) w hen r a f o x a n i d e
was g iv e n  to  sheep  a t  25 -  50 mg.kg o f  bodyw eight.
As b o v in e  f a s c i o l i a s i s  i s  m a in ly  a  c h r o n ic  d i s e a s e  t h e
a c t i v i t y  o f  ra fo x a n id e  a g a in s t  th e  im m ature f lu k e  i n  c a t t l e  h as
n o t been  te s t e d .  However r e c e n t ly  Dobbins and W e llin g to n  (1982)
have r e p o r te d  e f f i c a c i e s  o f  58 and 60% a g a in s t  s i x  and e ig h t  week
o ld  f l u k e s  r e s p e c t i v e l y  i n  c a l v e s  r e c e i v i n g  t h e  i n j e c t a b l e
*|
p r e p a r a t io n  a t  th e  recommended d ose  r a t e  o f  3 mg.kg-  .
A c t iv i ty  o f  ra fo x a n id e  a g a i n s t  g a s t r o i n t e s t i n a l  n e m a to d e s  
h a s  a l s o  b e e n  t e s t e d .  I n  s h e e p  an d  c a t t l e  r a f o x a n i d e  g iv e n  a t
-i
d o s a g e  o f  5 -  10m g.kg w as h ig h l y  e f f e c t i v e  a g a i n s t  t h e  a d u l t  
a b o m a sa l w orm s H aem onchus c o n t o r t u s  an d  H aem onchus p l a c e i  
(E g e r to n  an d  o t h e r s  1970 ; S n i j d e r s ,  H orak  an d  Louw 1971 ; H o ra k , 
S n i jd e r s  and Louw 1972; S n i jd e r s ,  Horak and Louw 1973; S n i jd e r s  
and Horak 1975). T h is  a c t i v i t y  o f  ra fo x a n id e  a g a in s t  Haemonchus 
sp p  p r o v id e s  a  p o t e n t  t r e a t m e n t  a g a i n s t  h a e m o n c h o s is  an d  
f a s c i o l i a s i s  in  a r e a s  w here m ixed in f e c t io n  w ith  b o th  p a r a s i t e s
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ta k e s  p l a c e .
R a fo x a n id e  w as a l s o  e f f e c t i v e  a g a i n s t  t h e  hoo k  worm 
C h a b e r t ia  o v in a  an d  G a i g e r i a  p a c h y s c e l i s  i n  s h e e p  (H o ra k ,  
S n i j d e r s  an d  Louw 1972) an d  a g a i n s t  a l l  t h e  p a r a s i t i c  l a r v a l  
s t a g e s  o f  t h e  s h e e p  n a s a l  b o t  O e s t r u s  o v i s  (H o rak , Louw an d  
Raym ond 1971 ; R o n c a l l i ,  B a rb o s a  an d  F e rn a n d e z  1971 ; S n i j d e r s ,  
Horak and Louw 1973).
M ro z ik  e t  a l  (1969) fo u n d  t h a t  r a f o x a n i d e  w as e f f e c t i v e  
a g a in s t  H ym enolepis nana and H^ d im in u ta  i n  ro d e n ts  and a g a in s t  
S ch istosom a m ansoni i n  r a t s .
C l io x a n id e ,  a n o t h e r  s a l i c y l a n i l i d e ,  h a s  b e e n  show n t o  b e  
l e s s  e f f e c t i v e  when g iv e n  i n t r a a b o m a s a l l y  th a n  i n t r a r u m i n a l l y  
(B o ray  an d  R o seb y  1969; C a m p b e ll an d  B ro to w id jo y o  1 9 7 5 ). The 
e f f e c t  o f  "ru m en  by  p a s s "  on  t h e  a c t i v i t y  o f  r a f o x a n i d e  a g a i n s t  
l i v e r  f l u k e s  w as s t u d i e d  by  C a m p b e ll and  B ro to w id jo y o  (1 9 7 5 ). 
They fo u n d  no  d i f f e r e n c e s  i n  a c t i v i t y  w hen r a f o x a n i d e  w as 
a d m in is te re d  o r a l l y ,  in t r a r u m in a l ly  o r  in tra a b o m a s a lly .
C a m p b e ll e t  a l  (1970) h a v e  e m p h a s is e d  t h a t  t h e  p o te n c y  o f  
r a f o x a n i d e  i s  a f f e c t e d  by  t h e  ty p e  o f  f o r m u l a t i o n  u s e d .  The 
fo rm u la tio n s  t e s t e d  c o n s is te d  o f  th e  p o ly e th y le n e  g ly c o l ,  s i l i c a  
g e l ,  b e n to n i te  and t r a g a c a n th  su sp e n sio n . The fo rm u la t io n s  w ere
_<l
a d m i n i s t e r e d  o r a l l y  t o  s h e e p  a t  1 5 m g.kg o f  b o d y w e ig h t .  The 
r e s u l t s  show ed  t h a t  a l l  t h e  f o r m u l a t i o n s  u s e d  w e re  p a r t i a l l y  
a c t i v e  b u t  t h a t  t h e  s i l i c a  g e l  f o r m u l a t i o n  w as f u l l y  a c t i v e  a t  
t h i s  d o s a g e . The r e a s o n s  why r a f o x a n i d e  s h o u ld  a c t  m ore 
c o n s i s t e n t ly  when a d m in is te re d  bound t o  s i l i c a  g e l  a r e  n o t  c l e a r .
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2 .1 .2  Mode o f  a c t io n
L ik e  t h e  o t h e r  s a l i c y l a n i l i d e  f a s c i o l i c i d e s ,  r a fo x a n id e  i s  
know n t o  b e  a  p o t e n t  u n c o u p le r  o f  o x i d a t i v e  p h o s p h o r y l a t i o n  i n  
a n im a l t i s s u e s .  I t  i n t e r f e r e s  w ith  th e  p ro d u c tio n  o f  ATP i n  th e  
i n t a c t  f l u k e  ( C o r b e t t  1974 ; B r y a n t ,  C o rn is h  an d  Rahm an 1976 ; 
C o les  1977; P r ic h a rd  1978b).
R a f o x a n i d e  r e d u c e d  t h e  c o n c e n t r a t i o n  o f  ATP i n  
F a s c io la  h e p a t i c a  b o th  i n  v iv o  an d  i n  v i t r o . I n  v iv o  f l u k e s  
re c o v e re d  from  sheep  t r e a t e d  w ith  ra fo x a n id e  showed r e d u c t io n  o f  
t o t a l  n u c le o t id e  c o n c e n tr a t io n s ,  d e p le te d  ATP p o o ls  and e le v a te d  
AMP p o o l s .  I n  v i t r o  f l u k e s  in c u b a te d  w ith  ra fo x a n id e  showed a 
d e c r e a s e d  ATP, ADP a n d  AMP c o n c e n t r a t i o n s ,  w h i l e  t h e  
c o n c e n t r a t i o n  o f  t o t a l  n u c l e o t i d e s  w as n o t  a l t e r e d  ( B r y a n t ,  
C o rn ish  and Rahman 1976).
Duwel and M etzger (1973); M etzger and Duwel (1973); C o rn ish  
an d  B r y a n t  (1976) h a v e  r e p o r t e d  t h a t  r a f o x a n i d e  i n h i b i t e d  
s u c c in a te  dehydrogenase  a c t i v i t y  i n  F a s c io la  h e p a t ic a  i n  v i t r o .
R afoxan ide  h as  a l s o  been  shown to  e x e r t  an  i n h i b i to r y  e f f e c t  
on  ~ ^ P i i n c o r p o r a t i o n  i n  A s c a r i s  m i to c h o n d r ia  (Van d e n  B o s s c h e  
1972) an d  t o  i n h i b i t  t h e  s u c c i n a t e  d e h y d ro g e n a s e  an d  f u m a r a te  
r e d u c ta s e  sy s te m s , I n  v i t r o  i n  Haemonchus c o n to r tu s .
2 .1 .3  S a fe ty  t o  h o s t
-i
R afoxan ide  used  a t  th e  th e r a p e u t i c  d o se  r a t e  o f  7.5 mg. kg 
h a s  p ro v e d  t o  b e  a  s a f e  f a s c i o l i c i d a l  d ru g  (M ro z ik  e t  a l  1 9 6 9 ; 
S u th e r la n d  and B a t ty  1971; S n i jd e r s ,  Louw and S e rran o  1971).
I t  h a s  a  s a f e t y  in d e x  o f  a p p r o x im a te ly  s i x .  A lth o u g h  t h e  
recom m ended  d o s e  r a t e  i n  s h e e p  an d  c a t t l e  i s  7 .5  m g.kg , no  
u n d e s ir a b le  e f f e c t s  have been  seen  when u s in g  s in g le  o r  r e p e a te d
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d o s e s  o f  r a f o x a n i d e .  No t o x i c i t y  s i g n s  w e re  o b s e rv e d  In  s h e e p  
when r a f o x a n i d e  w as g iv e n  i n  s i n g l e  d o s e s  o f  6 0 -1 0 0  m g.kg 
( M r o z ik  e t  a_l 1 9 6 9 ) a n d  i n  c a t t l e  w h en  r a f o x a n i d e  w a s  
a d m in is te re d  a t  5-14 t im e s  th e  recommended dose  r a t e  (S ch roder 
1982).
R a fo x a n id e  g iv e n  i n  m u l t i p l e  d o s a g e s  r a n g in g  fro m  0 -
•i
37 .5  mg.kg'” t o  lam bs (Swan and S ch ro d er 1981) and t o  c a lv e s  a t  
150 mg.kg r e p e a te d  th r e e  t im e s  a t  m onth ly  i n t e r v a l s  cau sed  no 
a d v e rse  e f f e c t s  (M rozik e t  a l  1969).
The LDcjq o f  r a f o x a n i d e  f o r  r a t s  i s  a p p r o x im a te ly  2300
_ i
mg.kg w h i l e  i n  s h e e p  a n d  c a t t l e  t h e  LD ^q h a s  n o t  b e e n  
d e te rm in e d  (R oberson 1977).
S h eep  an d  c a t t l e  i n f e c t e d  w i th  l i v e r  f l u k e  a r e  m ore 
s u s c e p t i b l e  t o  r a f o x a n i d e  t o x i c i t y  th a n  a r e  t h e  n o n - i n f e c t e d  
ones. Thus th e  th e r a p e u t i c  in d ex  o f  th e  d ru g  i s  d ependen t on th e  
s e v e r i t y  o f  t h e  i n f e c t i o n .  No d e a t h s  o c c u r r e d  i n  n o n - i n f e c t e d
_ - i
sheep  r e c e iv in g  do sag es  o f  2 0 0  mg.kg w h ile  d e a th s  o c c u rre d  in  
n a t u r a l l y  in f e c te d  sheep  r e c e i v i n g  t h e  sam e d o s e  (M ro z ik  e t  a l  
1969).
S ig n s  o f  ra fo x a n id e  t o x i c i t y  w ere seen  in  a n im a ls  r e c e iv in g  
an  overdosage  o f  ra fo x a n id e  (P ie n a a r  1977; P rozesky  and P ie n a a r  
1977). B lin d n e ss  and pronounced m y d r ia s is  a r e  th e  m ost o b v io u s 
s ig n s  o f  ra fo x a n id e  t o x i c i t y  shown by sheep  g iv e n  s in g le  d o se s  o f  
100 m g.kg o r  m ore  (M ro z ik  e t  aT 1969 , P ro z e s k y  an d  P i e n a a r  
1977 ; G u ilh o n  e t  aT 1971) an d  by  c a l v e s  d o s e d  a t  4 5 -6 0  m g.kg-  ^
(S c h ro d e r  1982) and  by  d o g s  r e c e i v i n g  3-11 o r a l  d o s e s  o f
_ - i
100 mg.kg p e r  day (Brown e t  a l  1972). These s ig n s  o f  t o x i c i t y
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a r e  s i m i l a r  t o  t h e  d e s c r i p t i o n s  o f  s h e e p  s u f f e r i n g  f ro m  
p r o g r e s s i v e  r e t i n a l  d e g e n e r a t i o n  ( b r i g h t  b l i n d n e s s )  w h ic h  i s  
th o u g h t t o  be caused  by in g e s t io n  o f  b rack en  P te r id iu m  a q u ilin u m  
(W atson and o th e r s  1972) o r  H elich rysum  argyrosphaerum  t o x i c i t y  
in  sheep  (Basson and o th e r s  1975).
Thus in  v iew  o f  th e s e  p o s s ib le  d i f f e r e n t i a l  d ia g n o se s , i t  i s  
a d v is a b le  t h a t  any d ia g n o s is  o f  ra fo x a n id e  t o x i c i t y  be  c o n firm ed  
by a  p la sm a -ra fo x a n id e  a s s a y  (Swan and S ch ro d er 1981).
2 .1 .4  P h a rm ac o k in e tic s  and o b je c t iv e
P h a r m a c o k in e t ic  s t u d i e s  o f  r a f o x a n i d e  i n  s h e e p  an d  c a t t l e  
have been  l e s s  e x te n s iv e  th a n  e f f ic a c y  s tu d ie s .  In  f a c t  th e r e  i s  
no p u b l ic a t io n  concerned  w ith  th e  k i n e t i c s  o f  ra fo x a n id e  in  sheep  
p la s m a  an d  t h e  w ork  d o n e  b y  D edek e t  a l  (1 9 7 6 , 1977 , 1978) w as 
concerned  m a in ly  w ith  th e  d e g ra d a tio n , e x c r e t io n  and m e tab o lism  
o f  ra fo x a n id e  in  sheep  and c a t t l e  u s in g  r a d io l a b e l le d  ra fo x a n id e
<1 3 1 u .
From  t h e  t o x i c o l o g i c a l  p o i n t ,  Swan an d  S c h ro d e r  (1981) 
m easured  th e  p lasm a c o n c e n tra t io n  o f  ra fo x a n id e  in  lam bs, t r e a t e d  
w i t h  d i f f e r e n t  d o s a g e s  o f  r a f o x a n i d e ,  up  t o  17 d a y s  a f t e r  
a d m i n i s t r a t i o n .  B e c a u se  o f  t h e  in a c c u r a c y  o f  t h e  a s s a y  m e th o d  
u sed , t h e i r  r e s u l t s  g iv e  l i t t l e  c o n fid e n c e . The p h a rm a c o k in e tic  
b e h a v io u r o f  r a fo x a n id e  was th e r e f o r e  exam ined in  sh eep  p la sm a  
w ith  p a r t i c u l a r  em phasis  b e in g  p la c e d  on p lasm a p r o te in  b in d in g . 
R es id u e s  o f  ra fo x a n id e  in  t i s s u e s  in  sheep  w ere a l s o  exam ined.
I t  was a l s o  o f  i n t e r e s t  to  com pare th e  p h a rm a c o k in e tic s  o f  
r a fo x a n id e  g iv e n  a lo n e  w ith  th o s e  o f  ra fo x a n id e  when g iv e n  a lo n g  
w ith  th ia b e n d a z o le .
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2 .2  D e te rm in a tio n  o f  ra fo x a n id e  i n  plasm a
R a fo x a n id e  i s  i n s o l u b l e  i n  w a te r ,  m o d e ra te ly  s o l u b l e  i n  
o rg a n ic  s o lv e n ts  and v e ry  s e n s i t i v e  t o  l i g h t .
Few a n a l y t i c a l  p r o c e d u r e s  h a v e  b e e n  p u b l i s h e d  f o r  t h e  
d e te rm in a tio n  o f  ra fo x a n id e  i n  body f l u i d s  o r  in  t i s s u e s .
A f te r  th e  o r a l  a d m in is t r a t io n  o f  r a d io la b e l le d  ra fo x a n id e  to  
s h e e p  an d  c a t t l e  (D edek e t  ad  1976 , 1 977 , 1978) t h e  d ru g  w as 
m e a su re d  by c o u n t in g  t h e  t o t a l  r a d i o - a c t i v i t y  p ro d u c e d . The 
d i s a d v a n t a g e  i n  u s in g  su c h  te c h n iq u e  i s  t h a t  l a r g e  a m o u n ts  o f  
sam ple  a r e  r e q u ir e d  f o r  th e  a n a l y t i c a l  p ro ced u re  (50 m l o r  g) and 
t h e  m e th o d  f a i l s  t o  d i s t i n g u i s h  b e tw e e n  p a r e n t  com pound an d  
m e ta b o l i te s .
A g as  ch ro m a to g rap h ic  m ethod was d ev eloped  by T a l le y  e t  a l  
(1971) f o r  th e  d e te rm in a t io n  o f  ra fo x a n id e  in  p lasm a by e l e c t r o n  
c a p t u r e  o f  i t s  d i - t r i m e t h y l - s i l y l  d e r i v a t i v e s .  The m e th o d  
ap p ea red  to  be s e n s i t i v e  w ith  a  d e te c t io n  l i m i t  o f  0 . 0 1  pg.m l . 
P r e p a ra t io n  o f  p lasm a sam ples f o r  th e  a n a ly s i s  was b ased  m a in ly  
on d e n a t u r a t i o n  o f  p la sm a  p r o t e i n s  ( u s in g  95% e t h a n o l )  a n d  t h e  
d ru g  w as th e n  d e t e c t e d  by  a  co m b in ed  g a s  c h ro m a to g ra p h y -m a s s  
s p e c t r o m e t r y .  Such  f a c i l i t i e s  w e re  n o t  a v a i l a b l e  i n  t h e  
d e p a rtm e n t and a l s o  th e  m ethod i s  u n s u i ta b le  f o r  r o u t in e  u se .
Swan an d  S c h ro d e r  (1981) u s e d  a  p h o to m e t r i c  m e th o d  t o  
d e te rm in e  ra fo x a n id e  in  p lasm a. T h e ir  a n a l y t i c a l  m ethod was n o t  
r e l i a b l e  ( s ta t e d  i n  S e c t io n  2 .6 ) .
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2.2.1. Materials and methods
2 .2 .1 .1  R eagen ts
A ll  r e a g e n ts  u sed  w ere o f  A n a ly t ic a l  G rade.
P i  e th y l  e th e r
R e d i s t i l l e d ,  f e r r o u s  s u lp h a te  washed and s t a b i l i s e d .  
(S e c tio n  1 .2 .1 .1 )
M ethanol
R e d i s t i l l e d  b e fo re  u s e .
P h o s p h a te - c i t r a te  b u f f e r  (pH 6 )
62.1 m l M/5 d is o d iu m  h y d ro g e n  s u lp h a te  (Na2  HPO^) and 
37 .9  ml M/10 c i t r i c  a c id .
Ammonium c a rb o n a te  (0 .0 5  M)
W ater-perm anganate  r e d i s t i l l e d  (S e c tio n  1 .2 .1 .1 )
2 .2 .1 .2  HPLC equipm ent and c o n d i t io n s  
D e te c to r
R e f e r e n c e  c h a n n e l  v a r i a b l e  w ave l e n g t h  UV d e t e c t o r ,  
Model CE 2012 (C e c il  In s tru m e n ts ,  Cam bridge, E n g la n d ) . 
Pump
G ilso n  module 302.
R eco rd e r 
V i ta t r o n  10 mV.
A bsorbance 
0 .05  a . u . f . s .




Septum i n j e c t o r  (100 mm le n g th  x  5 mm i.d .)  packed  w ith
a  R ev e rse -p h ase  O D S-H ypersil p a r t i c l e  s i z e  5 pm.
C h a rt speed  
- 1
1 cm .mm.
Flow r a t e
0 . 8  m l.m in .
R e te n tio n  tim e
C irc a  3 .8 5  m in.
In j  e c t io n  volume
5 p i .
M obile phase
M ethanol : Ammonium c a rb o n a te  (0 .0 5  M) 80 : 20 .
L im it o f  d e te c t io n
0 . 1 0  pg.mT"^
2 .2 .1 .3  P ro ced u re  o f  a n a ly s i s
R a fo x a n id e  w as d e t e r m in e d  i n  p la sm a  s a m p le s  an d  p la s m a  
u l t r a f i l t r a t e s  by  an  HPLC m e th o d . D i - e th y l  e t h e r  w as u s e d  f o r  
t h e  e x t r a c t io n .
1 m l p la s m a  s a m p le s  w as in t r o d u c e d  i n t o  a  50 m l g l a s s  
s to p p e re d  tu b e s ,  u s in g  a  1  ml g la s s  b u lb  p i p e t t e ,  t o  w hich  1 m l 
o f  p h o s p h a te - c i t r a t e  b u f f e r  (pH 6 ) was added .
2 0  m l e t h e r  w as a d d e d  t o  e a c h  t u b e ,  u s in g  an  a u t o m a t i c  
d is p e n s e r ,  th e  tu b e s  w ere s to p p e re d  and shaken on a  s low  r o t a r y  
m ixer f o r  15 m in u te s .
15 m l o f  t h e  u p p e r  e t h e r  l a y e r  w e re  t r a n s f e r r e d  t o  50 m l 
th in -w a l le d  g la s s  tu b e s .
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A f u r t h e r  20 m l e t h e r  w e re  ad d e d  t o  t h e  f i r s t  tu b e s  and  
sh a k e n  f o r  15 m in u te s .  20 m l o f  t h e  u p p e r  e t h e r  l a y e r  w as 
t r a n s f e r r e d  an d  co m b in ed  w i th  t h e  15 m l e t h e r  e x t r a c t s  i n  t h e  
th in - w a l le d  tu b e s .
E x t r a c t s  w e re  e v a p o r a te d  on a  d r y  b a th  a t  50°C u n d e r  
n i t r o g e n  t o  a p p r o x im a te ly  5 -6  m l. They w e re  th e n  t r a n s f e r r e d  
i n t o  1 0  m l c o n i c a l  g l a s s  tu b e s  an d  t h e  w a l l s  o f  t h e  t h i n  tu b e s  
w ere w ashed w ith  1 ml e t h e r  s e v e r a l  t im e s  and com bined eac h  tim e  
w ith  th e  e x t r a c t s  in  th e  c o n ic a l  tu b e s  w hich w ere e v a p o ra te d  to  
d ry n e ss . The tu b e s  w ere w ashed down w ith  a p p ro x im a te ly  0.5-1 ml 
e t h e r  and p la c e d  on th e  d ry  b a th  u n t i l  d ry n e ss .
R esid u es  w ere d is s o lv e d  in  100 p i  m ethano l and p la c e d  i n  an  
u l t r a s o n ic  w a te r  b a th  f o r  1 - 2  m in u te s . 5 p i  o f  r e s id u e s  w ere 
in j e c te d  o n to  th e  HPLC column u s in g  a  10 p i  m ic ro sy r in g e .
Sam ples w hich ap p ea red  to  c o n ta in  h ig h e r  c o n c e n tr a t io n s  w ere 
d i s s o l v e d  i n  v o lu m e s  o f  m e th a n o l l a r g e r  th a n  1 00 p i .  When low  
c o n c e n tra t io n s  w ere ex p ec ted  in  sam p les , more th a n  1 m l o f  sam p le  
was used  f o r  th e  e x t r a c t io n  o f  r a fo x a n id e .
2 .2 .1 .4  P re p a ra t io n  o f  s ta n d a rd s  and r e c o v e r ie s
R a fo x a n id e ,  l i k e  m o s t s a l i c y l a n i l i d e  f a s c i o l i c i d e s ,  i s  
in s o lu b le  in  w a te r  and th e r e f o r e  a  s to c k  s o lu t io n  was made up in  
m e th a n o l by  d i s s o l v i n g  1 0 0  mg o f  t h e  p u re  com pound i n  1 0 0  m l 
m ethanol t o  make up a  s to c k  s o lu t io n  c o n ta in in g  1 0 0 0  p g .m l- ^ .
As ra fo x a n id e  i s  p h o to - l a b i l e  t h i s  s to c k  s o lu t io n  was made 
up f r e s h ly  each  t im e  b e fo re  th e  a n a ly s i s  and w rapped i n  alum inum  
f o i l  an d  s t o r e d  i n  a  r e f r i g e r a t o r  f o r  f u r t h e r  p r o t e c t i o n  f ro m  
l i g h t .
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S p i k e s  c o n t a i n i n g  0 .5 ,  1 .0 ,  1 0 .0  a n d  2 0 .0  p g .m l -  ^ o f  
r a fo x a n id e  in  p la sm a a r e  p re p a re d  by ad d in g  an  a p p r o p r ia te  am ount 
o f  d ru g  i n  m e th a n o l an d  ta k e n  th r o u g h  t h e  w h o le  e x t r a c t i o n  
p ro c e d u re .
P e rc e n ta g e  re c o v e ry  o f  each  s p ik e  and th e  c o n c e n tra t io n s  o f  
r a fo x a n id e  in  p lasm a sam p les  w ere c a lc u la te d  u s in g  th e  e q u a t io n s  
i n  S e c t io n  1 .2 .1 .4 .
T ab le  2.2.1 shows p e rc e n ta g e  r e c o v e r ie s  o f  r a fo x a n id e  in  th e  
sp ik e d  p lasm a.
2 .2 .1 .5  E v a lu a tio n  o f  th e  method
R a fo x a n id e  b in d s  h ig h l y  t o  p la sm a  p r o t e i n s  (D uw el an d  
M etzger 1973; R oberson 1977, Dedek e t  a l  1976; Swan and S ch ro d e r 
1981) an d  th u s  i t  w as d e c id e d  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  
p r o te in  b in d in g  on th e  e x t r a c t i o n  p r o c e d u r e  o f  r a f o x a n i d e  fro m  
plasm a sam ples.
A s e r i e s  o f  s p ik e s  w ere made up by add ing  known am ounts o f  
r a fo x a n id e  t o  d ru g  f r e e  plasm a and t o  aqueous s o lu t io n  (w a te r ) .
1 ml o f  each  s p ik e  was in tro d u c e d  in t o  50 ml s to p p e re d  g la s s  
th i c k  tu b e s  t o  w hich 1 ml o f  p h o s p h a te - c i t r a t e  b u f f e r  (pH 6 ) was 
a d d e d  f o l lo w e d  by t h e  a d d i t i o n  o f  20 m l e t h e r .  The t u b e s  w e re  
shaken f o r  15 m in u te s  on a  r o ta r y  m ix er.
17 m l o f  t h e  u p p e r  e t h e r  l a y e r  w as t r a n s f e r r e d  i n t o  50 m l 
th in -w a l le d  g la s s  tu b e s  and k e p t a s  F r a c t io n  I .
A f u r th e r  20 ml e th e r  was added t o  th e  f i r s t  tu b e s  and a f t e r  
sh ak in g  2 0  m l o f  th e  u p p er e th e r  e x t r a c t s  was t r a n s f e r r e d  i n t o  a  
c le a n  50 ml th in -w a l le d  tu b e s  (F ra c t io n  I I ) .
A n o th e r  20 m l e t h e r  w as a d d e d  an d  t h e  e x t r a c t s  w e re  
t r a n s f e r r e d  i n t o  a  f u r t h e r  50  m l t h i n - w a l l e d  t u b e s
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(F ra c t io n  I I I ) .
E ach  f r a c t i o n  w as e v a p o r a te d  on  a  d r y  b a t h  a t  50°C u n d e r  
n i t r o g e n  s t r e a m  t o  5 -  6  m l an d  th e n  t r a n s f e r r e d  i n t o  10 m l 
c o n ic a l  tu b e s  and th e  w a l l s  o f  th e  t h i n  tu b e s  w ere w ashed th r e e  
t im e s  w ith  1 m l e th e r  and t r a n s f e r r e d  t o  th e  c o n ic a l  tu b e s  a f t e r  
each  w ash ing . They w ere th e n  e v a p o ra te d  to  d ry n e s s .
R esid u es  o f  each  f r a c t i o n  w ere d is s o lv e d  in  100 p i  m ethano l 
f o r  i n j e c t i o n  o n to  th e  HPLC colum n.
T ab le  2.2.2 shows th e  p e rc e n ta g e  r e c o v e r ie s  o b ta in e d  in  each  
f r a c t i o n .
R e c o v e ry  o f  r a f o x a n i d e  fro m  w a te r  w as h ig h  (m ean 98%) an d  
r e c o v e r y  fro m  p la s m a  w as l e s s  (m ean 75%) (T a b le  2 .2 .1 )  b u t  
s a t i s f a c t o r y .
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TABLE 2 . 2 . 1
RECOVERIES OF RAFOXANIDE PROM SHEEP PLASMA.
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R afo x an id e  added 
t o  b la n k  plasm a
(pg .m l- 1 )
R afo x an id e  m easured
(pg) Mean + S.E.M .
R a t io  a ssay ed  
t o  added
0 .5 0 .4 0 .4 0 .3 0 .4 + 0 . 0 2 0 .80
1 . 0 0 . 6 0 .7 0 .7 0 .7 + 0 . 0 2 0 .70
5 .0 3 .4 3 .5 3 .7 3 .5 + 0 .0 8 0 .70
1 0 . 0 7 .0 6 .5 7 .5 7 .0 + 0 .30 0 .70
2 0 . 0 16 .0 15 .6 14 .0 15 .0 + 0 .60 0 .7 5
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TABLE 2 . 2 . 2
PERCENTAGE RECOVERIES OF RAFOXANIDE FROM DRUG-FRE2E
PLASMA AND AQUEOUS SOLUTION.
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Drug f r e e  plasm a
Amount ra fo x a n id e  
added (pg)
Amount ra fo x a n id e  
m easured in  
f r a c t i o n  (pg)
T o ta l  r a fo x a n id e  
re c o v e re d  (pg) % R ecovery
I I I I I I
2 0 8 .4 3 .6 2 .5 14.5 73
30 12 .4 5 .6 3 .8 2 1 . 8 73
40 16.0 7 .6 5 .6 29 .2 73
50 2 2 . 0 10 .4 7 .2 39 .6 79
Mean: 75%
Aqueous s o lu t io n
2 0 18.2 1 .3 0 . 1 19.6 98
30 29 .7 0 . 1 0 . 0 29 .8 99
40 28 .6 1 . 2 0 . 0 39 .8 1 0 0
50 42 .4 5 .0 0 . 2 47.6 95
Mean: 98%
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2 .2 .2  E xperim en ts  w ith  ra fo x a n id e
2 .2 .2 .1  A nim als
F iv e  s h e e p  o f  d i f f e r e n t  b r e e d  an d  s e x ,  a g e d  b e tw e e n  1 - 3  
y e a r s ,  p a r a s i t e  f r e e  w ere u sed  in  th e  s tu d y .
The a n im a ls  w e re  d i v i d e d  i n t o  tw o  g r o u p s ,  t h r e e  s h e e p  i n  
G roup ( I )  an d  tw o  s h e e p  i n  G roup ( I I ) .  E ach  g ro u p  w as h o u se d  
s e p a r a te ly  in  c o n c re te  s t a l l s  bedded w ith  s tra w . They w ere fe d  
hay and c o n c e n tr a te s ,  w h ile  w a te r  was a v a i la b l e  ad  l ib i tu m .
The sheep  w ere w eighed one day b e fo re  th e  b e g in n in g  o f  th e  
ex p e rim en t.
2 .2 .2 .2  A d m in is tra tio n  o f  th e  d ru g
Group (I)  was dosed  w ith  ra fo x a n id e  (3.0% w /v  w ith  17.6% w /v  
th ia b e n d a z o le  "R an izo le"). Group ( I I )  w ere dosed  w ith  ra fo x a n id e  
(F lu k a n id e  3.0% w /v ) .  The a n im a ls  w e re  d r e n c h e d  o r a l l y  u s in g  a  
s y r in g e  p la c e d  on  t h e  b a c k  o f  t h e  to n g u e .  E ach  s h e e p  r e c e i v e d  
r a f o x a n i d e  a t  a  d o s e  r a t e  o f  7 .5  m g.kg- 1. T h ia b e n d a z o le  w as
_ - i
g iv e n  t o  Group I I  sheep  a t  a  d ose  r a t e  o f  44 mg.kg .
T ab le  2.2.3 shows a n im a ls ' w e ig h t, su sp e n s io n  and volum e o f  
d ru g  a d m in is te re d  t o  each  sh eep .
2 .2 .2 .3  Sam pling reg im en
1 0  m l b lo o d  s a m p le s  w e re  w ith d ra w n  by  v e n e p u n c tu r e  i n t o  
h e p a r i n i s e d  " M o n o v e tte "  s y r i n g e s  i m m e d i a t e l y  b e f o r e  d r u g  
a d m i n i s t r a t i o n  (p r e  s a m p le )  an d  a f t e r  1 , 2 , 3 , 7 , 8 , 9 , 1 0 , 14 , 
2 1 , 28 , 35 , 42 , 49 , 56 , 63 , 7 0 , 7 7 , 84 , 91 , 98 , 105 an d  112 d a y s  
a f t e r  th e  a d m in is t r a t io n .
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2.2.2.4 Sample, treatment
B lood sam p les w ere c e n t r i f u g e d  a t  2500 rpm f o r  te n  m in u tes  
an d  t h e  p la s m a  w as t r a n s f e r r e d  i n t o  1 0  m l p l a s t i c  tu b e s  an d  
s to r e d  a t  -20°C u n t i l  a n a ly se d .
2 .3  B ind ing  o f  ra fo x a n id e  t o  p lasm a p r o te in s
The b in d in g  o f  r a f o x a n i d e  t o  p la sm a  p r o t e i n s  w as e x a m in e d  
i n  v i t r o . F i l t r a t e s  w e re  o b t a in e d  fro m  b la n k  s h e e p  p la s m a  
f o r t i f i e d  w i t h  k n o w n  a m o u n ts  o f  r a f o x a n i d e  a t  d i f f e r e n t  
c o n c e n tr a t io n s  u s in g  th e  fo llo w in g  d i f f e r e n t  te c h n iq u e s .
2 .3 .1  M a te r ia ls  and m ethods
2 .3 .1 .1  U l t r a f i l t r a t i o n  te c h n iq u e
I f  a  p r o te in  s o lu t io n  c o n ta in in g  a  known am ount o f  d ru g  i s  
exposed  u nder p re s s u re  t o  a  d i a l y s i s  membrane, th e  p r o te in  f r e e  
f i l t r a t e  c o n t a i n i n g  f r e e  d ru g  o n ly  w i l l  c o l l e c t  o u t s i d e  t h e  
d i a l y s i s  m em brane. K now ledge o f  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  
d ru g  i n  t h e  p la s m a  b e f o r e  f i l t r a t i o n  an d  t h e  c o n c e n t r a t i o n  o f  
d ru g  in  th e  u l t r a f i l t r a t e  w i l l  a l lo w  th e  c a l c u la t io n  o f  b in d in g  
(R eh b e rg  1943).
5 ml o f  d ru g  f r e e  p lasm a f o r t i f i e d  w ith  ra fo x a n id e  a t  10, 20 
and 30 pg.m l w ere in tro d u c e d , in  d u p l i c a te ,  in t o  d i a l y s i s  tu b e  
(V is k in g  tu b e  s i z e  1 -8 /3 2 "  M e d ic e l l  I n te r n a t io n a l  L td ., London, 
E n g la n d ) . The e n d s  o f  t h e  tu b e s  w e re  f o ld e d  s e v e r a l  t i m e s  an d  
t i e d  w ith  a  c o t to n  s t r i n g  and w ashed u nder ru n n in g  ta p  w a te r  to  
rem ove any c o n ta m in a tio n . The d i a l y s i s  tu b e  was in tro d u c e d  in t o  
a  50 ml g la s s  tu b e  w hich was f i l l e d  p a r t i a l l y  w ith  g la s s  beads. 
The tu b e s  w ere c e n t r i f u g e d  a t  2500 -  3000 r .p .m . a t  1 0°C f o r  
30 -  35 m in u te s .  The f i l t r a t e s  c o l l e c t e d  o u t s i d e  t h e  d i a l y s i s  
■membrane w ere t r a n s f e r r e d  in t o  5 ml p l a s t i c  tu b e s  and s to r e d  a t
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-20°C  u n t i l  an a ly se d .
2 .3 .1 .2  U l t r a f r e e  d ru g  f i l t e r
The t e c h n iq u e  i s  m a in ly  b a s e d  on  t h e  u l t r a f i l t r a t i o n  
te c h n iq u e  w hich in v o lv e s  th e  u se  o f  s p e c ia l  f i l t e r  m em branes w ith  
d i f f e r e n t  p o r e  s i z e  t o  a l lo w  t h e  s e p a r a t i o n  o f  p la s m a  p r o t e i n s  
from  u l t r a f i l t r a t e s .
Two m i l l i l i t r e s  o f  t h e  f o r t i f i e d  p la s m a  s a m p le s  w e re  
f i l t e r e d  th ro u g h  an  Amicon c e n t r i c o n  m i c r o c o n c e n t r a t o r  (A m icon 
C o r p o r a t io n ,  S c i e n t i f i c  D i v i s io n ,  U pper M i l l ,  S to n e h o u s e ,  
G l o u c e s t e r s h i r e )  w h ic h  h ad  a  m o le c u la r  w e ig h t  c u t  o f f  1 0 ,0 0 0  
(F ig . 2 .1 .2 ) .
The f i l t r a t e s  c o l le c t e d  in  a  r e s e r v o i r  cap  w ere s to r e d  a t  
-20°C  u n t i l  a n a ly se d  by a  h ig h  p erfo rm an ce  l i q u id  ch ro m a to g ra p h ic  
m ethod.
2 .3 .1 .3  E q u ilib r iu m  d i a l y s i s  te c h n iq u e
A common p r o c e d u r e  f o r  t h e  m e a su re m e n t o f  b in d i n g ,  t h i s  
p r o c e d u r e  i n v o l v e s  t h e  e q u i l i b r i u m  o f  a  v o lu m e  o f  p r o t e i n  
s o lu t io n  in  a  d i a l y s i s  tu b e  w ith  a  known am ount o f  a  s o lu t io n  o f  
th e  d rug . Thus, a t  e q u i l ib r iu m , m easu rin g  th e  c o n c e n tr a t io n  o f  
f r e e  d ru g  o u ts id e  th e  d i a l y s i s  tu b e  w i l l  a l lo w  c a l c u la t io n  o f  th e  
amount o f  d ru g  w hich was bound t o  p r o te in s .
F iv e  t o  seven  m i l l i l i t r e s  o f  th e  f o r t i f i e d  sheep  p lasm a w ere  
d i a l y s e d  a g a i n s t  10 m l p h o s p h a t e  b u f f e r  pH 7 .4  a t  ro o m  
t e m p e r a t u r e  (18°C) and  a t  37°C . 1 m l o f  t h e  d i a l y s e d  s o l u t i o n
c o n t a i n i n g  t h e  f r e e  d ru g  ( o u t s i d e  t h e  d i a l y s i s  m em brane) w as 
c o l le c t e d  and deep  f ro z e n  u n t i l  a n a ly s i s .
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2 .3 .2  Method o f  a n a ly s i s
A h ig h  p e r fo rm a n c e  l i q u i d  c h ro m a to g ra p h ic  m ethod was u sed  
f o r  t h e  a n a l y s i s  o f  t h e  u l t r a f i l t r a t e s  a s  d e s c r i b e d  i n  
S e c t io n  2 .2 .1 .
2 .3 .3  C a lc u la t io n  o f  p e rc e n ta g e  b in d in g
The p e rc e n ta g e  b in d in g  o f  ra fo x a n id e  i s  c a lc u la te d  u s in g  th e  
fo rm u la  d e s c r ib e d  in  S e c t io n  1 .4 .1 .
2 .4  D e te r m in a t io n  o f  r a f o x a n i d e  r e s i d u e s  i n  b i l e  an d
t i s s u e s
2 .4 .1  M a te r ia ls  and m ethods
R e s i d u e s  o f  r a f o x a n i d e  w e r e  d e t e r m i n e d  a f t e r  o r a l
a d m in is t r a t io n  o f  ra fo x a n id e  (F lu k an id e  3.0% w /v) to  sheep  a t  th e
_1
t h e r a p e u t i c  do se  r a t e  o f  7 .5  mg.kg .
T w e n ty - e ig h t  d a y s  a f t e r  d o s in g  t h e  s h e e p  w as s l a u g h t e r e d .  
B lo o d , b i l e ,  l i v e r  an d  m u s c le  s a m p le s  w e re  c o l l e c t e d  an d  t h e  
c o n c e n tra t io n s  o f  ra fo x a n id e  w ere d e te rm in e d .
2 .4 .2  D e te rm in a tio n  o f  ra fo x a n id e  i n  b i l e
1 m l o f  t h e  b i l e  s a m p le  w as e x t r a c t e d  i n t o  2 0  m l d i - e t h y l
e th e r .  The e th e r  e x t r a c t  was e v a p o ra te d  t o  d ry n e ss  on a  d ry  b a th  
a t  50°C u n d e r  n i t r o g e n .  The r e s i d u e  w as d i s s o l v e d  i n  100 p i  
m e thano l and in j e c te d  o n to  th e  HPLC colum n.
P re p a ra t io n  o f  a  s ta n d a rd  cu rv e  was made by e x t r a c t i n g  b la n k  
b i l e ,  o b ta in e d  from  u n tr e a te d  sh eep , f o r t i f i e d  w ith  ra fo x a n id e  a t  
d i f f e r e n t  c o n c e n tr a t io n s .  The m ean r e c o v e r y  o b ta in e d  f ro m  t h e  
e x t r a c t io n  o f  th e  f o r t i f i e d  b i l e  used  f o r  th e  c a l c u la t io n  o f  th e  
c o n c e n t r a t i o n  o f  r a f o x a n i d e  i n  b i l e  s a m p le  a s  d e s c r i b e d  i n  
S e c t io n  1 .2 .1 .4 . Mean p e r c e n ta g e  r e c o v e r i e s  o b ta in e d  f ro m  t h e  
e x t r a c t io n  o f  f o r t i f i e d  b i l e  w e re  91 + 5 .00  S.E.M. (T a b le  2 .2 .4 ) .
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2 .4 .3  D e te rm in a tio n  o f  ra fo x a n id e  i n  t i s s u e s
The HPLC m ethod u sed  f o r  th e  d e te rm in a t io n  o f  ra fo x a n id e  in  
t i s s u e s  w as m o d i f ie d  s l i g h t l y  fro m  t h a t  d e v e lo p e d  by  J a n s s e n  
P h a rm a c e u tic a l R esearch  L a b o ra to r ie s ,  B-2340 B eerse , B elg ium , f o r  
r e s id u e s  o f  c l o s a n t e l  in  t i s s u e s .
Method
0 .5  g o f  m inced m eat and l i v e r  was w eighed in t o  15 ml g la s s  
s to p p e re d  tu b e s  t o  w hich 3 ml o f  a c e t o n i t r i l e  was added .
The t i s s u e  was hom ogenised u s in g  an  U ltra -T u r ra x  hom ogen iser 
( J a n k e  an d  K u n k e l, I k a - w e r k ,  S ta n f e n ,  F .R .G .). The h o m o g e n a te s  
w ere  v o r te x e d  f o r  30 seconds and c e n t r i f u g e d  a t  2500 x g f o r  15 
m in u te s . The s u p e rn a ta n t  was t r a n s f e r r e d  in t o  10 ml th in - w a l le d  
g l a s s  tu b e s  an d  a c i d i f i e d  w i th  3 m l o f  0.4% v / v  f o r m i c  a c i d  
s o lu t io n  in  w a te r  and v o r te x e d  f o r  a  few seco n d s .
The e x t r a c t s  w ere pumped th ro u g h  a  p re -w e tte d  (w ith  w a te r)  
"SEP-PAK" C18 c a r t r id g e  u s in g  a  10 ml sy r in g e . The s o lv e n t  was 
d i s p l a c e d  by p u m p in g  a  f u r t h e r  0.5 m l o f  a c e t o n i t r i l e  an d  t h e  
compound was e lu te d  w ith  3 m l a c e t o n i t r i l e ,  c o l le c t e d  in  a  10 ml 
c o n i c a l  g l a s s  tu b e s  an d  e v a p o r a te d  t o  d r y n e s s  on  a  d r y  b a t h  a t  
50°C u n d er a  s tre a m  o f  n it ro g e n .
R esid u es  w ere suspended in  100 7u l  m ethano l and in j e c te d  o n to  
th e  HPLC column.
A n a ly s i s  o f  e a c h  s a m p le  w as d o n e  i n  d u p l i c a t e .  D rug  f r e e  
l i v e r  and m uscle  w ere f o r t i f i e d  w ith  d i f f e r e n t  c o n c e n tr a t io n s  o f  
r a f o x a n i d e  an d  c a r r i e d  th r o u g h  t h e  e x t r a c t i o n  p r o c e d u r e  a lo n g  
w ith  th e  sam ples. The m ethod was re p ro d u c ib le  (mean p e rc e n ta g e  
r e c o v e r y  89 ±  6 .00) (T a b le  2 .2 .4 ) .  The HPLC c o n d i t i o n s  w e re  t h e  
same a s  d e s c r ib e d  in  S e c t io n  2.2.1.2. The m ethod had a  d e t e c t i o n
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l i m i t  o f  0 . 1 0  p g .g - ^ .
R afoxan ide  was a l s o  d e te rm in e d  in  th e  b lo o d  sam ple  a c c o rd in g  
t o  th e  method d e s c r ib e d  in  S e c t io n  2 .2 .1 .
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TABLE 2 . 2 . 3
THE EXPERIMENTAL DESIGN AND DOSAGE REGIMEN OF 





S usp en sio n Dose r a t e  
r a fo x a n id e
(mg.kg- 1 )
T o ta l dose  
ra fo x a n id e
(mg)
Volume su sp e n s io n  
a d m in is te re d  (ml)
39 55 R a n iz o le 7 .5 412.5 13.75
90 58 R a n iz o le 7 .5 435.0 14.50
91 42 R a n iz o le 7 .5 315.0 10 .50
92 40 F lu k a n id e 7 .5 300.0 1 0 . 0 0
99 40 F lu k a n id e 7 .5 300.0 1 0 . 0 0
1 3 6
TABLE 2 . 2 . 4
RECOVERIES OF RAFOXANIDE FROM SHEEP B3US AND TISSUES.
1 3 7
Amount 
ra fo x a n id e  
added (pg)
Amount 
ra fo x a n id e  
m easured (pg)
Mean + S.E.M .
R a tio  a ssay ed  
to  added
B ile
0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 + 0 . 0 0 1 . 0 0
0 .4 0 .3 0 .3 0 .4 0 .3 + 0 .03 0 .83
0 . 6 0 .5 0 .5 0 . 6 0 .5 + 0 .03 0 .90
Mean 91 + 5 .00  
S.E.M .
L iv e r  and m uscle
0 .3 0 . 2 0 .3 0 .3 0 .3 + 0 .03 1 . 0 0
0 .5 0 .4 0 .5 0 .4 0 .4 + 0 .03 0 .8 0
0 .7 0 . 6 0 .7 0 .5 0 . 6 + 0 .06 0 . 8 6




2 .5 .1  C o n c e n tra tio n  o f  ra fo x a n id e  i n  p lasm a
The mean p lasm a c o n c e n tr a t io n s  o f  ra fo x a n id e  i n  in d iv id u a l  
s h e e p  an d  t h e  m ean c o n c e n t r a t i o n s  ±  S.E.M. f o l l o w i n g  o r a l  
a d m i n i s t r a t i o n  o f  r a f o x a n i d e  a t  7 .5  m g .k g 1 b o d y w e i g h t  a r e  
p r e s e n t e d  i n  T a b l e  2 .2 .5 .  F i g u r e  2 .2 .2  show s m ean p la s m a  
c o n c e n tra t io n  o f  ra fo x a n id e  v e rs u s  t im e  cu rv e .
The maximum c o n c e n tr a t io n  o f  ra fo x a n id e  i n  p lasm a o f  each  
s h e e p  o c c u r r e d  2 -3  d a y s  p o s t  d o s in g  an d  t h e  m ean maximum
_ -i
c o n c e n t r a t i o n  w a s  2 3 .6  / i g .m l  . T h e r e a f t e r  t h e  m ean  
c o n c e n t r a t i o n s  d e c l i n e d  g r a d u a l l y  t o  t h e  l i m i t  o f  d e t e c t i o n  
( 0 . 1 0  jig.mT" ) 16 weeks a f t e r  th e  a d m in is t r a t io n .
The av e rag ed  p lasm a c o n c e n tr a t io n / t im e  d a ta  was f i t t e d  t o  a  
c o m p u te r  m odel u s in g  a n  i t e r a t i v e  l e a s t - s q u a r e  m e th o d  d e r i v e d  
fro m  t h e  m e th o d  o f  Sedm an an d  W agner (1 9 7 6 ). To e s t i m a t e  t h e  
v a r i a b i l i t y  o f  th e  p a ra m e te rs  w i th in  th e  f i v e  sheep , th e  m ethod 
was f i t t e d  t o  th e  in d iv id u a l  p lasm a d a ta  a s  w e l l  (T ab le 2 .2 .6).
The sum o f  th e  w e ig h ted  sq u ared  d e v ia t io n  betw een  th e  d a ta  
p o in t  and com puter c a lc u la te d  p o in t s  f o r  each  sheep  w ere found  t o  
be b e s t  ex p re sse d  a s  a  t r i - e x p o n e n t i a l  te rm  o f  th e  fo rm :-
C = Ae“ a t  + Be-  ^ t  + C e 'T t
A rea u n d er th e  p la sm a c o n c e n tr a t io n / t im e  cu rv e  (AUC) and th e  
h a l f  l i f e  in  th e  " a b s o rp t io n " ,  " d i s t r i b u t i o n "  an d  " e l i m i n a t i o n "  
p h ases  w ere a l s o  com puted (T ab le 2.2 .6). A mean e l im in a t io n  h a l f  
l i f e  ( t  1 / 2 7 )  o f  16.6 ±  1 . 2  days was found.
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In  com paring  th e  AUC and e l im in a t io n  h a l f  l i f e  o b ta in e d  from  
th e  mean p lasm a c o n c e n tr a t io n  f o r  each  sam p lin g  t im e  v e rs u s  t im e  
in  b o th  g ro u p s , i t  was d e te rm in e d  t h a t  th e r e  was no s i g n i f i c a n t  
d i f f e r e n c e s  (P > 0 .05 ) b e tw e e n  t h e  g ro u p  r e c e i v i n g  r a f o x a n i d e  
a l o n e  ( F l u k a n i d e )  o r  i n  c o m b i n a t i o n  w i t h  t h i a b e n d a z o l e  
(R an izo le ). T h e re fo re  th e  r e s u l t s  w ere com bined and c o n s id e re d  
a s  one group  from  w hich a l l  th e  p h a rm a c o k in e tic  p a ra m e te rs  w ere 
com puted.
2 .5 .2  B ind ing  o f  ra fo x a n id e  t o  plasm a p r o te in s
F i l t r a t e s  o b ta in e d  from  p lasm a f o r t i f i e d  w ith  r a fo x a n id e  a t
A
10, 20, and 30 pg.m l c o n ta in e d  a  mean c o n c e n tra t io n  o f  0 .2 , 0.4
_i
an d  0 .4  p g .m l o f  r a f o x a n i d e  r e s p e c t i v e l y  w hen t h e  d i a l y s i s
tu b in g  u l t r a f i l t r a t i o n  te c h n iq u e  was used .
R afoxan ide  was n o t  d e te c te d  in  th e  f i l t r a t e s  o b ta in e d  by th e
d i a l y i s  e q u i l ib r iu m  and u l t r a f r e e  d ru g  f i l t e r  te c h n iq u e .
A c c o r d in g  t o  t h e  l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d
( 0 . 1 0  p g .m l- **) an d  t h e  h i g h e s t  c o n c e n t r a t i o n  o f  ra fo x a n id e  u sed
(30 pg.m l ) th e r e f o r e  th e  p e r c e n ta g e  b in d i n g ,  c a l c u l a t e d  u s in g
th e  e q u a tio n  in  S e c tio n  1 .4 .1 ,  w i l l  b e : -
% bound = > 1 0 0  -  ( 0 . 1  x  1 0 0 )
30
= 100 -  0 .3
= > 99
2 .5 .3  D e te rm in a tio n  o f  ra fo x a n id e  r e s id u e s  in  b i l e  and 
t i s s u e s
C o n c e n tra tio n s  o f  ra fo x a n id e  in  th e  p lasm a and b i l e  sam p les  
o f  th e  sheep  k i l l e d  28 days a f t e r  ra fo x a n id e  a d m in is t r a t io n  w ere 
7 . 0  and 0.2 pg .m l- * r e s p e c t iv e ly .  In  l i v e r  a  mean c o n c e n tr a t io n
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-1
o f  0 .4  p g .g  o f  r a f o x a n i d e  w as d e t e c t e d  w h i le  i n  t h e  m u s c le  
sam ple  ra fo x a n id e  was n o t d e te c te d  a t  th e  l i m i t  o f  d e t e c t io n  o f  
th e  method 0 . 1 0  p g .g  .
TABLE 2 . 2 . 5
PLASMA OaraiW RATICN (p g .m l- 1 ) OF RAFOXANIDE IN SHEEP 
AFTER A SINGLE ORAL ADMINISTRATION AT A DOSE RATE 




91 92 99 Mean + S.E.M .
B a s e lin e 0 0 0 0 0
1 2 7 .0 7 .7 14 .7 2 0 . 6 1 1 . 8 1 6 .4 + 3 .4
2 26 .0 1 0 . 0 23 .0 30 .0 16 .8 2 1 . 2 + 3 .6
3 2 7 .8 16 .0 2 1 .4 29 .6 2 2 . 8 2 3 .6 + 2 .5
7 2 3 .4 9 .2 2 1 .4 24 .0 2 0 . 0 1 9 .6 + 2 .7
8 1 8 .3 9 .3 20 .3 2 1 . 0 16 .8 1 7 .2 ' + 2 . 0
9 18 .2 8 . 6 18.6 20 .5 2 1 . 2 17 .4 + 2 .3
1 0 1 5 .7 10 .4 18 .0 19 .5 14 .8 1 5 .7 + 1 . 6
14 13 .3 8 .7 14 .6 15 .4 13 .5 13 .0 + 1 . 2
2 1 1 0 .4 5 .3 13 .8 12 .4 1 2 . 2 1 0 . 8 + 1 .5
28 8 .3 4 .7 10 .7 1 0 . 2 9 .8 8 . 8 + 1 . 0
35 5 .6 3 .5 9 .3 9 .8 7 .4 7 .0 + 1 . 2
42 3 .7 2 .3 7 .0 5 .6 6 . 0 5 .0 + 0 .9
49 2 . 8 1 . 2 5 .3 4 .0 3 .5 3 .4 + 0 .7
56 1 . 0 1 . 6 3 .8 2 . 8 2 . 8 2 .4 + 0 .5
63 1 .5 1 . 0 2 . 8 2 .5 2 .3 2 . 0 + 0 .3
70 0 .3 0 .5 2 .4 1 . 8 1 . 8 1 .4 + 0 .4
77 0 .5 0 .5 2 . 0 1 . 0 1 .5 1 . 0 + 0 .3
84 0 .4 0 .3 1 .4 0 . 8 0 .9 0 . 8 + 0 . 2
91 0 .3 0 . 2 1 .3 0 . 8 1 .4 0 . 8 + 0 . 2
98 0 0 0 .7 0 .4 0 . 8 0 .4 + 0 . 2
105 0 0 0 .3 0 .3 0 .5 0 . 2 + 0 . 1
1 1 2 0 0 0 0 0
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TABLE 2 . 2 . 6
VALUES OF PHARMACOKINETIC PARAMETERS OF RAPQXANIDE DETERMINED 
BY A THREE COMPARTMENT MODEL IN FIVE SHEEP FOLLOWING ORAL 
ADMINISTRATION AT 7 .5  m g.kg-1 BODYWEHGHT .
Animal
no .
t  1 / 2  ( a )  
day
t  1 / 2  ( 13)
day
t  1 / 2  ( 7 ) 
day
AUC 
p g .m l~ \  day
39 0 . 2 1 2 . 8 1 7 .9 594 .0
90 0 .9 9 .7 13 .0 305.6
91 0 . 6 7 .9 17 .7 721 .0
92 0 .5 1 0 . 2 1 4 .8 704 .8
99 0 . 8 13 .3 19 .3 698 .8
Mean 0 . 6 1 0 . 8 16 .6 605.0
+ S.E.M . + 0 . 1 + 1 . 0 + 1 . 2 + 78 .6
A veraged
v a lu e s 0 .5 1 0 . 8 15 .4 577 .0
1 4 4
FIGURE 2 . 2 . 2
MEAN OONCENTRATIONS (p g .m l- 1 ) OF RAFQXANIDE, CLQSANTEL 
AND OXYCLOZANIDE IN  THE PLASMA OF SHEEP FOLLOWING ORAL 
ADMINISTRATION OF RAFQXANIDE (7 .5  m g.kgf1 ) ,  CLDSTANTEL 
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A f t e r  t h e  o r a l  a d m i n i s t r a t i o n ,  r a f o x a n i d e  w as a b s o rb e d  
s lo w ly  from  th e  g a s t r o i n t e s t i n a l  t r a c t  t o  th e  b lo o d  s tre a m  and 
w as d e t e c t e d  i n  t h e  p la s m a  a t  h ig h  c o n c e n t r a t i o n  a t  24 h o u r s ,  
r e a c h e d  a  m ean maximum c o n c e n t r a t i o n  o f  23 .6  p g .m l 2 -3  d a y s  
a f t e r  t h e  a d m i n i s t r a t i o n .  T h e r e a f t e r  t h e  d e c l i n e  i n  p la s m a  
c o n c e n tra t io n s  was b ip h a s ic .
O nce r a f o x a n i d e  w as a b s o r b e d  , i t  w as r e v e r s i b l y  bound  t o  
p l a s m a  p r o t e i n s .  T he  p r o c e s s  o f  b i n d i n g  i n f l u e n c e s  t h e  
d i s t r i b u t i o n  an d  f a t e  o f  d r u g s ,  t h a t  a r e  e x t e n s i v e l y  bound  an d  
su b se q u e n tly  a c t s  t o  f u r t h e r  p ro lo n g  th e  e l im in a t io n  t im e  o f  th e  
d ru g  from  th e  p e r ip h e r a l  p lasm a. Only th e  unbound o r  f r e e  d ru g  
i s  a v a i l a b l e  t o  d i s t r i b u t e  o u t  o f  t h e  v a s c u l a r  s y s te m  a n d  b e  
s u b je c te d  t o  e l im in a t io n  and e x c r e t io n  p ro c e s s e s .
By i n s p e c t i o n  o f  t h e  e s t i m a t e d  c u rv e  (F ig .  2 .2 .2 )  o n e  te rm  
w as a s s o c i a t e d  w i th  t h e  a b s o r p t i o n  p h a s e  ( t  1 / 2 (Oi) = 0.6 _+ 0.1 
d a y s ) ,  o n e  w i t h  a  r e l a t i v e l y  r a p i d  e l i m i n a t i o n  p h a s e  
( t  1 /2/J= 10 .8  +_ 1 .0  d a y s )  a n d  o n e  w i t h  a  s l o w e r  p h a s e  
( t  1 /2  ( T )  = 16 .6  +_ 1.2 d a y s ) .  I t  i s  p r o b a b le  t h a t  t h e  s lo w e r  
e l i m i n a t i o n  p h a s e  i s  d u e  t o  e l i m i n a t i o n  o f  e x te n s iv e ly  p r o t e i n  
bound ra fo x a n id e  and t h i s  may be due t o  th e  e l im in a t io n  o f  p lasm a 
a lb u m in  i n  s h e e p  (p la s m a  a lb u m in  t u r n o v e r  r a t e  = 4 0 0 -4 8 0  h , 
H olm es e t  a l  19 6 8 ). The r e l a t i v e l y  r a p i d  p h a s e  w i l l  b e  d u e  t o  
v a r io u s  in f lu e n c e s  on  l e s s  e x te n s iv e ly  a n d /o r  l e s s  s t r o n g ly  bound 
d ru g  in  p lasm a b e in g  exposed  to  m e tab o lism  a n d /o r  e x c r e t io n  e tc .
The r e l a t i o n s h i p  o f  t h e  v o lu m e  o f  d i s t r i b u t i o n  t o  t h e  
k i n e t i c s  o f  th e  e l im in a t io n  o f  d ru g  from  th e  body i s  o f  i n t e r e s t .
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T h e  f a c t o r s  o f  i n t e r a c t i o n  b e t w e e n  d r u g  a n d  t h e  n o r m a l  
c o n s t i t u e n t s  o f  t h e  b o d y  t h a t  d e t e r m i n e  t h e  v o lu m e s  o f  
d i s t r i b u t i o n  a l s o  p la y  a  r o l e  in  in f lu e n c in g  th e  r a t e  a t  w hich  a 
d ru g  i s  e l im in a te d  from  th e  body. W hatever th e  ro u te  o r  p ro c e s s  
o f  e l i m i n a t i o n ,  t h e  r a t e  i s  i n  g e n e r a l  a t  l e a s t  r o u g h l y  
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  o f  d ru g  r e a c h in g  t h e  s i t e  o f  
e l im in a t io n .
S u b s ta n c e s  o f  h ig h  m o le c u la r  w e ig h t  o r  s u b s t a n c e s  a l m o s t  
c o m p le te ly  bound  t o  p la s m a  a lb u m in  w i l l  d i s a p p e a r  o n ly  s lo w ly  
f ro m  t h e  v a s c u l a r  s y s te m  an d  w i l l  h a v e  s m a l l  v o lu m e s  o f  
d i s t r i b u t i o n .
T h e  a p p a r e n t  v o l u m e  o f  d i s t r i b u t i o n  (V d ) i s  a  
p h a rm a c o k in e tic  c o n s ta n t  w hich can  be c a lc u la te d  from  th e  t o t a l  
p la sm a c o n c e n tra t io n  and can  be o f  v a lu e  in  a s s e s s in g  w h e th e r  a  
d ru g  d i s t r i b u t e s  w e l l  o r  p o o r ly  f ro m  t h e  p la sm a  i n t o  t i s s u e  
s i t e s .  I t  i s  n o r m a l ly  c a l c u l a t e d  i n  l i t r e s . k g  ” . D ru g s  
d i s t r i b u t i n g  e v en ly  th ro u g h o u t th e  a n im a l 's  body have v a lu e s  o f  
Vd o f  1 l .k g  , p o o r ly  d i s t r i b u t e d  d r u g s  h a v e  Vd v a l u e s  < 1
1 .k g “ \  The h i g h e r  t h e  v a l u e  o f  Vd (> 1 l . k g - ^ ) t h e  m o re  
e x t e n s i v e  t h e  l o c a l i s a t i o n  o f  d r u g s  i n  s i t e s  o t h e r  th a n  p la s m a  
w a te r .  H ow ever, t h e  v a lu e  o f  Vd c a n n o t  g iv e  an y  i n f o r m a t i o n  
ab o u t th e  l o c a l i s a t i o n  o f  th e  s i t e s  o f  c o n c e n tra t io n .
T h e r e  a r e  tw o  p r o b l e m s  i n  c a l c u l a t i n g  Vd f o r  
s a l i c y l a n i l i d e s .  F i r s t l y ,  Vd i s  n o r m a l ly  c a l c u l a t e d  f ro m  
in t r a v e n o u s  d a t a .  I t  c a n  b e  c a l c u l a t e d  fro m  i n t r a m u s c u l a r  o r  
o r a l  a d m i n i s t r a t i o n  d a t a  p r o v id e d  t h e  am o u n t o f  a b s o r p t i o n  i s  
known. . U n fo r tu n a te ly , s a l i c y l a n i l i d e s  a r e  to o  to x i c  t o  b e  g iv e n  
in tra v e n o u s ly . Secondly , Vd i s  c a lc u la te d  from  a  tw o -co m p artm en t
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m odel and , a s  th e  p h a rm a c o k in e tic  d a ta  f o r  s a l i c y l a n i l i d e s  shows, 
th e s e  d a ta  a r e  b e s t  f i t t e d  t o  a  th re e -c o m p a rtm e n t m odel. Thus f o r  
r a fo x a n id e , assum ing  a b s o rp t io n  i s  1 0 0 % and u s in g  th e  d a ta  p o in ts  
i n  t h e  r a p i d  e l i m i n a t i o n  p h a s e  i . e .  f ro m  t h r e e  t o  2 1  d a y s  
(F ig . 2 .2 .2 ) ,  Vd ( a r e a )  w as c a l c u l a t e d  t o  b e  331 m l.kg*"^. T h is  
in d i c a te s  t h a t  ra fo x a n id e  i s  v e ry  p o o r ly  d i s t r i b u t e d  t o  t i s s u e s ,  
c o n s i s t e n t  w i th  a  h i g h l y  p l a s m a  p r o t e i n  b o u n d  d r u g .  I f  
ra fo x a n id e  i s  l e s s  th a n  1 0 0 % ab so rb ed , th e n  t h i s  c a lc u la te d  v a lu e  
o f  Vd w i l l  g iv e  an  o v e re s t im a te  o f  Vd.
S w an  a n d  S c h r o d e r  (1 9 8 1 )  m e a s u r e d  r a f o x a n i d e  p la s m a  
c o n c e n t r a t i o n s  i n  la m b s  a f t e r  a d m i n i s t r a t i o n  o f  r a f o x a n i d e  a t  
d i f f e r e n t  d o s a g e s  (0 , 7 .5 , 15 , 22 .5  an d  37 .5  m g.kg- **). I n  a l l  
t e s t e d  g ro u p s , th e  maximum c o n c e n tr a t io n  o f  ra fo x a n id e  i n  p la sm a 
was reac h ed  a t  24 h o u rs  a f t e r  d o s in g  e x c e p t in  one g roup  t r e a t e d  
a t  15 mg.kg i n  w hich th e  maximum c o n c e n tra t io n  o f  ra fo x a n id e  in  
p la s m a  o c c u r r e d  l a t e r  a t  48 h o u r s  a f t e r  t r e a t m e n t .  The la m b s  
w e re  3 -4  m o n th s  o ld .  The in c o m p le te  r e p o r t  o f  t h e i r  r e s u l t s  
g iv e s  l i t t l e  c o n fid e n c e  in  t h e i r  m easurem ents a s  c o n c e n tr a t io n s  
o f  1 7 .6  p g .m l o f  r a f o x a n i d e  w e re  d e t e c t e d  i n  t h e  p la s m a  o f  
u n tr e a te d  lam bs.
I n  c a t t l e ,  D e d e k  e t  a l  (1 9 7 8 )  m e a s u r e d  t h e  s e r u m
c o n c e n t r a t i o n  o f  r a f o x a n i d e  a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  o f
1 31 —1I - r a f o x a n i d e  a t  5 m g.kg d o s e  r a t e .  I n  t h e i r  e x p e r im e n t ,
t h e  f i r s t  s a m p le  w as t a k e n  s i x  d a y s  a f t e r  t r e a t m e n t  a n d  no
e a r l i e r  sam p les w ere c o l le c te d .  T h e re fo re  th e y  c e r t a i n l y  m issed
th e  t im e  a t  w hich th e  maximum c o n c e n tra t io n  had o c c u rre d .
The r a t e  o f  e l i m i n a t i o n  o f  r a f o x a n i d e  w as fo u n d  t o  b e
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d ependen t on th e  dosage o f  d ru g  a d m in is te re d . E l im in a t io n  h a l f -
l i v e s  o f  s e v e n  an d  10 .5  d a y s  w e re  fo u n d  f o l l o w i n g  t h e  o r a l
111 —1 a d m in is t r a t io n  o f  I - r a fo x a n id e  t o  c a t t l e  a t  5 and 12 mg.kg
bodyw eigh t r e s p e c t iv e ly  (Dedek e t  a l  1976, 1977), a lth o u g h  Swan
an d  S c h ro d e r  (1981) d id  n o t  r e p o r t  i n c r e a s i n g  e l i m i n a t i o n  h a l f
l i v e s  w ith  in c re a s in g  dosage.
R afoxan ide  i s  v e ry  o f te n  a d m in is te re d  w ith  th e  n e m a to d ic id e , 
t h i a b e n d a z o le .  The r e s u l t s  show ed  no  s i g n i f i c a n t  d i f f e r e n c e s  
(P < 0 .05 ) i n  t h e  k i n e t i c s  o f  r a f o x a n i d e  a d m i n i s t e r e d  a l o n e  o r  
c o n c u r re n t ly  w ith  th ia b e n d a z o le . T h is  was n o t s u r p r i s in g  s in c e  
i t  h as  been  found t h a t  ^ C -th ia b e n d a z o le  e l im in a te d  from  p lasm a 
w i t h i n  tw e n ty  h o u r s  a f t e r  a d m i n i s t r a t i o n  o f  t h i a b e n d a z o l e  
(44 m g.kg”^  ) i n  s h e e p  (T occo  e t  a l  1 9 6 4 ). W eir an d  B ogan (1985) 
have a l s o  shown th ia b e n d a z o le  k i n e t i c s  t o  be r a p id  in  sh eep  w ith  
m e tab o lism  t o  th e  5 -h y d ro x y -m e ta b o li te  a lth o u g h  much l e s s  r a p id ly  
and e x te n s iv e ly  th a n  in  c a t t l e .
F a i l u r e  t o  d e t e c t  r a f o x a n i d e  i n  p la s m a  f i l t r a t e s  o b t a in e d  
u s in g  th e  u l t r a f r e e  d ru g  f i l t e r  in d i c a te s  an  e x te n s iv e  b in d in g  o f  
r a f o x a n i d e  t o  p la sm a  p r o t e i n s  (> 99%). S in c e  t h e  m o l e c u la r  
w e ig h t  o f  r a f o x a n i d e  i s  626.01 t h e r e f o r e  i t  s h o u ld  h a v e  b e e n  
e lu te d  th ro u g h  th e  f i l t e r  membrane w hich  had a  m o le c u la r  w e ig h t 
e x c lu s iv e  o f  1 0 , 0 0 0 .
The u se  o f  th e  d i a l y s i s  tu b in g  u l t r a f i l t r a t i o n  te c h n iq u e  f o r
been
t h e  d e t e r m i n a t i o n  o f  t h e  p e r c e n ta g e  o f  b in d in g  haSy[shown t o  b e  
u n r e l i a b le .  V a r ia t io n s  in  th e  p o re  s i z e  o f  th e  d i a l y s i s  membrane 
m ig h t a l lo w  th e  p assag e  o f  some bound d ru g  th ro u g h  th e  membrane 
p o re s  and g iv e  m is le a d in g  r e s u l t s .  C o n tam in a tio n  o f  th e  d i a l y s i s  
tu b e  d u r in g  th e  in t r o d u c t io n  o f  th e  sp ik e d  p lasm a and w ash ing  th e
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tu b e  b e fo re  d i a l y s i s  m ig h t a l s o  add a n o th e r  e r r o r  f a c to r .  These 
p o s s i b i l i t i e s  m ig h t be th e  re a s o n  f o r  th e  d e t e c t io n  o f  ra fo x a n id e  
a t  c o n c e n t r a t i o n s  o f  0 .3  an d  0 .4  jig .m l by  t h e  d i a l y s i s  t u b i n g  
u l t r a f i l t r a t i o n  te c h n iq u e .
The p e r c e n ta g e  o f  p la s m a  p r o t e i n  b in d in g  o f  o t h e r  d ru g s  
w h ic h  a r e  know n t o  b e  l e s s  t i g h t l y  bound  t o  p la s m a  p r o t e i n s  
(< 99%) w e re  a l s o  e x a m in e d  i n  v i t r o  u s in g  t h e  u l t r a f r e e  d ru g  
f i l t e r  t e c h n iq u e .  Among t h e s e  d r u g s  w e re  s u l p h a d i a z i n e  an d  
a lb e n d a z o l e  s u l f o x i d e .  E ach  com pound w as a d d e d  t o  d r u g - f r e e  
p lasm a a t  d i f f e r e n t  c o n c e n tr a t io n s  and th e n  f i l t e r e d  th ro u g h  an  
A m ic o n  c e n t r i c o n  m i c r o c o n c e n t r a t o r  a s  d e s c r i b e d  i n  
S e c t io n  2 .3 .1 .2 . U l t r a f i l t r a t e s  o b t a in e d  w e re  a n a ly s e d  f o r  t h e  
c o n c e n t r a t i o n  o f  t h e  f r e e  d ru g  u s in g  B e id e r 's  m e th o d  (1972) f o r  
th e  d e te rm in a t io n  o f  f r e e  s u lp h a d i a z i n e  an d  a  h ig h  p e r f o r m a n c e  
l i q u id  chom ato g rap h ic  m ethod f o r  th e  d e te rm in a t io n  o f  a lb e n d a z o le  
s u lfo x id e  (Bogan and M a rr in e r  1980). The p e rc e n ta g e  o f  b in d in g  
o f  s u lp h a d ia z in e  and a lb e n d a z o le  s u lfo x id e  was found t o  b e  14 and 
49 r e s p e c t iv e l y .
I n  v ie w  o f  t h e  d i f f e r e n t  r e s u l t s  o b t a i n e d  f o r  t h e  
d e te rm in a t io n  o f  p e rc e n ta g e  o f  b in d in g  o f  r a f o x a n i d e  t o  p la s m a  
p r o te in  u s in g  d i f f e r e n t  te c h n iq u e s , i t  was found t h a t  u s in g  th e  
u l t r a f r e e  d ru g  f i l t e r  was th e  m ost r e l i a b l e  te c h n iq u e  s in c e  th e r e  
was l e s s  o p p o r tu n i ty  o f  any c o n ta m in a tio n  and e r r o r  w hich  m ig h t 
le a d  t o  in a c c u ra te  r e s u l t s .
A f t e r  a b s o r p t i o n  o f  r a f o x a n i d e  fro m  t h e  g a s t r o i n t e s t i n a l  
t r a c t ,  a  s m a ll  q u a n t i ty  o f  th e  compound had e n te re d  th e  b i l e .  A 
co m parison  o f  th e  low  c o n c e n tr a t io n  o f  ra fo x a n id e  i n  sh eep  b i l e
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—  1 —1( 0 . 2  p g .m l ) t o  t h e  h i g h e r  c o n c e n t r a t i o n  o f  9 .8  p g .m l i n
p lasm a w hich o c c u rre d  28 d ays p o s t  a d m in is t r a t io n  and th e  f i rm
b in d in g  o f  r a f o x a n i d e  t o  p la s m a  p r o t e i n s  m ig h t  s u p p o r t  t h e
c o n c lu s io n  t h a t  t h i s  d ru g  e x e r t s  i t s  e f f e c t  to w ard s  l i v e r  f lu k e s
by th e  consum ption  o f  h o s t  b lo o d  r a t h e r  th a n  th e  c o n c e n tr a t io n  o f
th e  d ru g  around  th e  f lu k e s  i n  th e  b i l e  d u c t .
F u r th e r m o r e ,  i t  h a s  b e e n  fo u n d  t h a t  young  f l u k e s  i n  l i v e r  
parenchym a p r im a r i ly  fe e d  on h e p a t ic  c e l l s  and b lo o d  (Dawes 1961; 
P ea rso n  1963) w hereas th e  a d u l t  f lu k e s  in  b i l e  d u c ts  fe e d  m a in ly  
on b lo o d  r a th e r  th a n  on b i l i a r y  e p i th e l iu m  (Jen n in g s  e t  a l  1956; 
P e a rs o n  1 9 6 3 ; R o w la n d s  1 9 6 9 ; B ro w n  a n d  N eva 1 9 8 3 ) .  T h u s  
ra fo x a n id e  w i l l  i n h i b i t  th e  young f lu k e s  i n  l i v e r  parenchym a, v ia  
in g e s t io n  o f  l i v e r  t i s s u e s  c o n ta in in g  s m a ll  am ounts o f  th e  d ru g , 
an d  a s  th e y  grow  a d u l t  an d  m i g r a t e  t o  b i l e  d u c t s  th e y  w i l l  b e  
exposed  to  more l e t h a l  d o se s  o f  th e  b lo o d  bound d ru g .
From  t h e  s a f e t y  p o i n t  o f  v ie w , a n im a ls  t r e a t e d  w i th  
ra fo x a n id e  a r e  n o t a llo w e d  to  be used  f o r  human consum ption  f o r  
28 days a f t e r  a d m in is t r a t io n  i n  th e  U.K.
In  t h i s  s tu d y  no ra fo x a n id e  was d e te c te d  in  sheep  m uscle  a t  
th e  l i m i t  o f  d e te c t io n  o f  th e  m ethod o f  0 . 1 0  pg.g 28 d ays p o s t  
d o s in g .  T h e r e f o r e  c o n s u m p tio n  o f  m u s c le  w i l l  b e  s a f e  a f t e r  28 
d ays. However th e  c o n c e n tra t io n  o f  ra fo x a n id e  in  l i v e r  t i s s u e s  
(0 .4  p g .g  ) m ig h t m ake t h e  c o n s u m p tio n  o f  l i v e r  f ro m  t r e a t e d  
a n im a l s  u n s a f e  f o r  hum an c o n s u m p tio n  a f t e r  su c h  a  p e r i o d .  
M o reo v e r t h e  p r e s e n c e  o f  r a f o x a n i d e  i n  p la sm a  a t  s u c h  a  h ig h  
c o n c e n tr a t io n  (mean o f  8 . 8  pg.m l ) sh o u ld  a l s o  p re c lu d e  th e  u se  
o f  t r e a t e d  an im a l b lo o d  in  th e  m aking o f  b la c k  pudding  and o th e r  
b lo o d  p ro d u c ts  a t  28 days a f t e r  a d m in is t r a t io n .  I t  c o u ld  b e  t h a t
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t h e  c o n c e n t r a t i o n s  fo u n d  i n  l i v e r  t i s s u e  w e re ,  i n  f a c t ,  d u e  t o  
b lo o d  t r a p p e d  i n  t h e  l i v e r  a t  p o s t -m o r te m  an d  t h e  d i f f e r e n c e s  
found be tw een  m uscle  and l i v e r  b e in g  due t o  th e  h ig h ly  v a s c u la r  
n a tu r e  o f  l i v e r .  N e v e r th e le s s  w h eth er th e  c o n c e n tra t io n s  found 
r e f l e c t  t h e  ' c o r r e c t '  l i v e r  c o n c e n t r a t i o n s  o r  n o t ,  i s  
u n im p o rta n t, s in c e  th e y  w i l l  r e f l e c t  th e  a p p ro x im a te  am ount w hich 
co u ld  be e a te n  by a  consum er.
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CHAPTER 3
EXAMINATION OF THE EFFICACY OF RAFOXANIDE AGAINST 
SIX WEEK-CEJD E a s c io la  h e p a tic a  IN SHEEP
3 . E xam ination  o f  th e  e f f ic a c y  o f  ra fo x a n id e  a g a in s t
s ix  w eek-o ld  F a s c io la  h e p a t ic a  i n  sheep
3.1 I n t r o d u c t io n
The a n t h e l m i n t i c  e f f i c a c y  o f  r a f o x a n i d e  a g a i n s t  im m a tu re  
F a s c io la  h e p a t ic a  h as  been  d e s c r ib e d  by s e v e r a l  a u th o rs  (M rozik 
e t  a l  1969; Armour and Corba 1970; Ross 1970; Horak, S n i jd e r s  and 
Louw 1972; Edwards and P a r ry  1972a, b ) .
The e f f ic a c y  t r i a l s  a r e  u s u a l ly  c a r r i e d  o u t  by t r e a t i n g  th e  
a n i m a l s  s i x  w e e k s  a f t e r  e x p e r i m e n t a l  i n f e s t a t i o n  w i t h  
F a s c io la  h e p a t i c a  m e t a c e r c a r i a e  an d  n e c r o p s i e s  a r e  d e la y e d  t o  
a l lo w  t im e  f o r  t h e  f l u k e s  t o  m a tu re  s o  t h a t  th e y  c a n  b e  r e a d i l y  
i d e n t i f i e d  and coun ted . The p o s s i b i l i t y  e x i s t s  t h a t  th e  e f f i c a c y  
o f  ra fo x a n id e  a g a in s t  s ix  w eek -o ld  f lu k e  m ig h t be a t t r i b u t e d  to  
t h e  lo n g  r e s i d e n c e  t im e  o f  t h e  d ru g  i n  p la s m a  (C h a p te r  2) an d  
t h a t  a s  t h e  f l u k e s  becom e a d u l t  th e y  w i l l  b e  e x p o s e d  t o  t h e  
c o n t in u e d  a c t i o n  o f  r a f o x a n i d e  by i n g e s t i n g  t h e  bound  d ru g .  
T h e r e f o r e  t h e  f o l l o w i n g  e x p e r im e n t  w as d e s ig n e d  t o  t e s t  t h i s  
p o s s i b i l i t y .
3 .2  M a te r ia ls  and Methods
3 .2 .1  Anim als
N ine sheep  f lu k e - f r e e ,  o f  d i f f e r e n t  b re e d , sex , aged be tw een  
1 - 3  y e a r s  an d  w e ig h in g  b e tw e e n  30 an d  60 kg  w e re  a s s i g n e d  t o  
t h r e e  g roups o f  th r e e  sheep  on ag e , w e ig h t and b re e d  b a s is .
The s h e e p  w e re  k e p t  in d o o r s  i n  c o n c r e t e  s t a l l s  c o v e re d  by  
s tra w . Hay, c o n c e n tr a te s  and w a te r  w ere a v a i l a b l e  ad  l i b i tu m .
A l l  s h e e p  w e r e  d r e n c h e d  o r a l l y  b y  4 5 0  v i a b l e  
F a s c io la  h e p a t i c a  m e t a c e r c a r i a e  on Day 0 an d  t h e  a n im a ls  w e re  
k e p t u nder o b s e rv a tio n  th ro u g h o u t th e  e x p e rim en t.
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A f te r  s ix  weeks o f  th e  i n f e s t a t i o n ,  Group 1 sheep  w ere dosed  
o r a l l y ,  by s y r in g e , w ith  ra fo x a n id e  (F lu k an id e , 3.0% w /v  MS & D) 
a t  7.5 mg.kg d o s e  r a t e .
Ten weeks p o s t  a d m in is t r a t io n  o f  m e ta c e rc a r ia e  Group 2 sheep  
w e re  d o s e d  w i th  a  d o s e  w h ic h  w as e s t i m a t e d  w o u ld  p ro d u c e  t h e  
p la s m a  c o n c e n t r a t i o n  r e m a in in g  i n  G roup 1 s h e e p  a t  10 w eek s . 
T h is  was done by sam p lin g  Group 1 sheep  from  weeks 6  t o  10. The 
d o se  c a lc u la te d  was 2 .5  mg.kg (s e e  r e s u l t s  s e c t io n  f o r  d a t a ) .
Group 3 w e re  n o t  t r e a t e d  an d  k e p t  a s  c o n t r o l s .
Blood sam ples w ere ta k e n  from  a l l  sheep  a t  0, 1, 2 , 3, 4, 7,
14 , 21 , 2 8 , 42 , 49 , 56 , 63 , 7 0 , 84 an d  98 d a y s  a f t e r  i n f e s t a t i o n .
B lo o d  s a m p le s  w e re  w ith d ra w n  i n t o  h e p a r i n i s e d  s y r i n g e s  
(M onovette, S a r s te d t )  and th e  p lasm a was s e p a ra te d  a s  d e s c r ib e d  
in  S e c t io n  2 .2 .2 .4 .
The p la s m a  s a m p le s  o b ta in e d  fro m  a l l  s h e e p  w e re  u s e d  f o r  
b io c h e m ic a l  a n a l y s i s  a s  a  p o s s i b l e  m e a s u re  o f  dam age t o  l i v e r  
t i s s u e s  c a u s e d  by  l i v e r  f l u k e  i n f e s t a t i o n  w h ic h  i s  th o u g h t  t o  
i n c r e a s e  t h e  c o n c e n t r a t i o n s  o f  c e r t a i n  p la sm a  en zy m es ( s e e  
d i s c u s s i o n  s e c t i o n  f o r  d e t a i l s ) .
The p la sm a  s a m p le s  o b ta in e d  fro m  t r e a t e d  a n i m a l s  w e re  
a n a ly se d  f o r  th e  c o n c e n tra t io n s  o f  ra fo x a n id e  in  o rd e r  t o  com pare 
th e  p h a rm a c o k in e tic s  o f  ra fo x a n id e  i n  th e  in f e c te d  sheep  t o  th o s e  
i n  t h e  n o n - i n f e c t e d  s h e e p  (C h a p te r  2 ) . A d d i t i o n a l  b lo o d  „
sam ples w ere c o l le c t e d  a t  th e  same tim e s  in  tu b e s  c o n ta in in g  EDTA 
f o r  h a e m a to l o g ic a l  e s t i m a t i o n  f o r  p e r c e n ta g e  o f  e o s i n o p h i l i c  
c o u n t  an d  d e t e r m i n a t i o n  o f  h a e m o g lo b in  v a l u e s  w h ic h  w e re  
c o n s id e r e d  t o  b e  a l t e r e d  d u r in g  l i v e r  f l u k e  i n f e c t i o n  ( s e e  
d is c u s s io n  s e c t io n  f o r  d e t a i l s ) .
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F a e c a l  s a m p le s  w e re  t a k e n  fro m  t h e  r e c tu m  a t  i n t e r v a l s  
th ro u g h o u t th e  t r i a l  f o r  e x a m in a tio n  f o r  f lu k e  eggs.
A f te r  14 w eeks o f  i n f e s t a t i o n  a l l  sheep  w ere n e c ro p s ie d  and 
th e  l i v e r s  o f  each  sheep  w ere c o l le c te d  s e p a r a te ly  and exam ined 
f o r  f lu k e s .
P ie c e s  o f  g lu t e a l  m uscle  w ere a l s o  ta k e n  from  each  sheep  a t  
s la u g h te r  t im e  and k e p t a t  -20°C f o r  d e te rm in a t io n  o f  ra fo x a n id e  
r e s id u e s .
3 .2 .2  E s tim a tio n  o f  th e  v i a b i l i t y  o f  F a s c io la  h e p a t ic a  
m e ta c e rc a r ia e
M e t a c e r c a r i a e  e n c y s t e d  on  c e l l o p h a n e  w e re  i n i t i a l l y  
p u r c h a s e d  fro m  t h e  A g r i c u l t u r a l  R e s e a rc h  I n s t i t u t e ,  C om pton , 
B erk s .
I n i t i a l l y ,  p r i o r  t o  th e  sheep  e x p e rim e n t, th e  v i a b i l i t y  o f  
m e ta c e rc a r ia e  was e s t im a te d  b o th  in  v i t r o  and in  v iv o .
3 .2 .2 .1  In  v i t r o
T w en ty -fo u r m e ta c e rc a r ia e  w ere sc ra p e d  from  th e  c e l lo p h a n e  
s t r i p s  and c o l le c te d  on a  s o l id  w atch  g la s s  p l a t e .
The m e t a c e r c a r i a e  w e re  w ash ed  t w ic e  w i th  p e p s in  s o l u t i o n  
(p re p a re d  a s  d e t a i l e d  below ) and th e n  in c u b a te d  in  50 ml p e p s in  
s o lu t io n  f o r  2 - 3  h o u rs  a t  22°C.
D u r in g  t h i s  t i m e  t h e  t h i c k  o u t e r  c o a t i n g s  o f  t h e  
m e ta c e rc a r ia e  w ere  d ig e s te d  and th e  young f lu k e s  w ere seen  u n d e r 
th e  m icroscope  c o n t r a c t in g  away from  th e  in n e r  c y s t  w a ll .
The m e ta c e rc a r ia e  w ere th e n  washed w ith  warm d i s t i l l e d  w a te r  
a n d  in c u b a te d  i n  50 m l o f  t r y p s i n - b i l e  s o l u t i o n  ( p r e p a r a t i o n  
d e t a i l s  b e lo w ) f o r  t h r e e  h o u r s  a t  22°C . T h is  p r o c e s s  c a u s e s  
l y s i s  o f  t h e  c y s t  s h e l l  an d  t h e  im m a tu re  f l u k e  c a n  e m e rg e  i n t o
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the solution (Figure 2.3.1).
The n u m b e rs  o f  f l u k e s  t o  e m e rg e  s u c c e s s f u l l y  w e re  c o u n te d  
a n d  t h i s  f i g u r e  u s e d  t o  d e t e r m in e  t h e  o v e r a l l  p e r c e n ta g e  
v i a b i l i t y  w hich was found t o  be 75%.
P re p a ra t io n  o f  R eagen ts
A ll  r e a g e n ts  u sed  w ere o f  a n a l y t i c a l  g ra d e .
P e p s in  s o lu t io n
P e p s in  0 .5  g
NaCl 0 .8  g
1/20  N HC1 100 ml
T r y p s in - b i le  s o lu t io n
T ry p s in 0 .4  g
NaCl 0 . 8  g
Na H003 1 . 0  g
OX b i l e 2 0  ml
D is t .w a te r 80 ml
In  v iv o
F i f t y  e m b ry o n a te d  m e t a c e r c a r i a e  w e re  s c r a p e d  fro m  t h e  
c e l lo p h a n e  s t r i p s  an d  p la c e d  i n  a  s o l i d  w a tc h  g l a s s  p l a t e  
c o n t a i n i n g  2 -  3 m l o f  0.1% d e t e r g e n t  s o l u t i o n  i n  w a te r  
( L i s s a p o l ,  IC I  L td . ,  M a c c l e s f i e l d ,  C h e s h i r e ) .  T h is  d e t e r g e n t  
s o lu t io n  was u sed  t o  p re v e n t th e  s t i c k in g  o f  th e  m e ta c e rc a r ia e  t o  
th e  g la s s  p l a t e .
T he  n u m b e rs  o f  m e t a c e r c a r i a e  w e r e  c h e c k e d  u s i n g  a  
s te r e o s c o p ic  m icroscope  (L e i tz  L t d . ) .
The s o lu t io n  c o n ta in in g  th e  m e ta c e rc a r ia e  was draw n in t o  a  
1 m l s y r in g e  t o  w h ic h  a  s h o r t  c a n n u la  (1 .19  mm i . d . )  w as
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a t ta c h e d .
Two r a t s  (Sprague-D aw ley b reed ) w ere l i g h t l y  a n a e s th e t i s e d  
by p la c in g  them  in  a  j a r  c o n ta in in g  c o t to n  soaked w ith  t r i c h l o r o -  
e t h y l e n e  f o r  a  few  m in u te s .  When t h e  r a t s  show ed  no  p h y s i c a l  
r e f l e x e s ,  th e y  w e re  h e ld  fro m  t h e  b a c k  o f  t h e  n e c k  an d  t h e  
c an n u la  was in tro d u c e d  in t o  th e  oesophagus and th e  s o lu t io n  was 
a d m in is te re d .
The s y r in g e  was r in s e d  w ith  th e  d e te r g e n t  s o lu t io n  and th e  
w ash ings w ere a d m in is te re d  t o  th e  r a t s  a s  above.
T hree weeks l a t e r ,  th e  r a t s  w ere k i l l e d  and th e  l i v e r s  w ere 
rem o v e d . T h is  t im e  w as a l lo w e d  t o  s e e  t h e  g r o s s  p a t h o l o g i c a l  
l e s i o n s  i n  t h e  l i v e r  w h ic h  i s  a s s o c i a t e d  w i th  t h e  m i g r a t i o n  o f  
young f l u k e s .
B o th  l i v e r s  (F ig . 2 .3 .2 ) show ed  m ark ed  f i b r o b l a s t i c  c a n a ls  
w hich w ere caused  by th e  m ig ra t io n  o f  th e  im m atu re  f lu k e s  th ro u g h  
l i v e r  parenchym a.
3 .2 .3  P o s t mortem f in d in g s
The l i v e r s  fro m  a l l  s h e e p  i n  G ro u p s 1 , 2 an d  3 w e re  c u t  
c a r e f u l l y  i n t o  5 -  10 mm s l i c e s  an d  a l l  v i s i b l e  f l u k e s  w e re  
rem oved and s to r e d  f o r  c o u n tin g . The g a l l  b la d d e rs  from  l i v e r s  
w i t h  no  v i s i b l e  f l u k e s  w e re  r e t a i n e d  an d  t h e  b i l e  f ro m  t h e  
t r e a t e d  a n im a ls  was c o l le c te d  and s to r e d  a t  -20°C  f o r  a n a ly s i s .
One t o  tw o  l i v e r  s l i c e s  w e re  s q u e e z e d  by  h an d  an d  k e p t  
a t  -20°C f o r  d e te rm in a t io n  o f  ra fo x a n id e  r e s id u e s .  The re m a in in g  
l i v e r  s l i c e s  w ere in c u b a te d  in  a  b u c k e t c o n ta in in g  w a te r  a t  42°C 
f o r  2 - 3  h o u rs .
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The s l i c e s  w ere th e n  rem oved from  th e  warm w a te r , w ashed and 
squeezed  m an u a lly  and th e  re m a in in g  m a te r ia l s  i n  th e  b u c k e t w ere 
washed o n to  s ie v e s  w ith  317 pm p o re  s i z e .
The c o n t e n t s  o f  t h e s e  s i e v e s  w e re  c o l l e c t e d  an d  e x a m in e d  
m i c r o s c o p i c a l l y .  The n u m b er o f  l i v e r  f l u k e s  p r e s e n t  w as 
d e te rm in e d  by c o u n tin g  th e  o r a l  su c k e rs  re c o v e re d .
A n a ly s is  o f  p la sm a, b i l e ,  l i v e r  and m uscle  sam p les  w ere a s  
d e s c r ib e d  in  S e c t io n s  2 .2 .1 ,  2 .4 .2  and 2 .4 .3  r e s p e c t iv e ly .
The p lasm a enzyme c o n c e n t r a t io n s  w e re  m e a su re d  u s in g  t e s t  
k i t s  (BCL, B o eh rin g e r Mannheim H ouse, E a s t S u sse x ).
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FIGURE 2 . 3 . 1
In  v i t r o  ASSESSMENT OF VIABILITY OF F a s c io la  h e p a tic a  
METACERCARIAE. A : ENCYSTED METACERCARIAE, B : METACERCARIAE 
EMERGING ERQM THE CYST AETER INCUBATION IN  PEPSIN AND 
TRYPSIN-BILE SOLUTIONS, C : YOUNG FLUKES, D : EMPTY CYST.
1 5 9

FIGURE 2 . 3 . 2
LIVER OF RATS RECOVERED AT AUTOPSY (3 WEEKS AFTER 
EXPERIMENTAL INFESTATION WITH 50 F a s c io la  h e p a tic a  
METACERCARIAE) SHOWING MARKED FIBROBLASTIC CANALS CAUSED BY 
MIGRATION OF BWATURE FLUKED.
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FIGURE 2.3.3.
LIVER FROM INFECTED AND UNTREATED SHEEP RECOVERED 
AT AUTOPSY (14  WEEKS AFTER EXPERIMENTAL INFESTATION 
WITH 450  F a s c i o l a  h e p a t i c a  METACERCARIAE)
SHOWING FIBROBLASTIC CANALS AND SOME 




3 .3 .1  E f f ic a c y  t r i a l
The t r e a t m e n t  s c h e d u le ,  n u m b er o f  f l u k e  e g g s ,  n u m b er o f  
f l u k e s  r e c o v e r e d  a t  a u to p s y  an d  t h e  p e r c e n ta g e  e f f i c a c y  a r e  
sum m arised in  T ab le  2 .3 .1 .
A l l  t h e  c o n t r o l  a n i m a l s  w e r e  h i g h l y  i n f e c t e d  w i t h
F a s c io la  h e p a t i c a  an d  t h e  f l u k e  p o p u l a t i o n s  w e re  o f  d i f f e r e n t  
s i z e  an d  l e n g th .  A l l  l i v e r s  h ad  som e d e g r e e  o f  c i r r h o s i s  
(F ig u re  2 .3 .3 ) .  M a c r o s c o p ic a l ly  som e o f  t h e  t r e a t e d  l i v e r s  w e re  
b a d ly  damaged and some had norm al parenchym a b u t  p o r t io n s  o f  th e  
b i l e  d u c ts  w ere f i b r o b l a s t i c  and c a lc a re o u s .
R a fo x a n id e  w as fo u n d  t o  b e  86 .40  an d  87.88% e f f e c t i v e  
a g a in s t  s ix  and te n  w eek -o ld  f lu k e s  when a d m in is te re d  a t  7.5 and
2 .5  mg.kg r e s p e c t iv e ly .
3 .3 .2  D e te rm in a tio n  o f  ra fo x a n id e  in  p lasm a
The c o n c e n tr a t io n s  o f  ra fo x a n id e  in  in d iv id u a l  sheep  and th e  
mean +_ SJEJ.M. c o n c e n tra t io n  in  p lasm a i n  b o th  t r e a t e d  g roups a r e  
shown in  T ab le  2 .3 .2 .
R a f o x a n i d e  w as  a b s o r b e d  th r o u g h  t h e  g a s t r o i n t e s t i n a l  
e p i t h e l i u m  t o  t h e  c i r c u l a t i o n  an d  w as d e t e c t e d  i n  p la s m a  s i x  
h o u rs  p o s t  d o s in g  a t  a  mean c o n c e n tra t io n  o f  6.3 pg .m l and  ro s e  
t o  a t t a i n  th e  mean maximum c o n c e n t r a t i o n  o f  43.0  p g .m l a f t e r  
t h r e e  d a y s  o f  a d m i n i s t r a t i o n  ( F ig u r e  2 .3 .4 ) .  T h e r e a f t e r ,  a  
r e l a t i v e l y  f a s t  d e c l in e  i n  th e  p lasm a c o n c e n tr a t io n / t im e  p r o f i l e  
o c c u rre d  from  th r e e  t o  17 days a f t e r  d o s in g  and fo llo w e d  th e  same 
p a t t e r n  a s  show n by  t h e  n o n - i n f e c t e d  s h e e p . E l i m i n a t i o n  o f  
r a f o x a n i d e  a f t e r  t h r e e  w eek s  w as s lo w  an d  p ro d u c e d  a  m ean
I
c o n c e n t r a t i o n  o f  3 .4  p g . m l  a t  56  d a y s  a f t e r  d r u g  
a d m in is t r a t io n .
The p lasm a k i n e t i c s  o f  ra fo x a n id e  in  Group 2 sheep  ( t r e a te d  
a t  2 .5  m g .k g  ) w e r e  s i m i l a r  t o  t h o s e  s e e n  i n  G ro u p  1 
(F ig u re  2 .3 .4 ) .  The maximum p la s m a  c o n c e n t r a t io n  o ccu red  th r e e  
day s  p o s t  d o s in g  a t  a  mean c o n c e n tr a t io n  o f  14.2 pg.m l fo llo w e d  
by  a  r e l a t i v e l y  r a p i d  d e c l i n e  dow n t o  7.5  m g.kg 1 4 d a y s  p o s t  
a d m i n i s t r a t i o n .  T h e r e a f t e r  t h e  d e c l i n e  w as s lo w e r  a n d  t h e  
c o n c e n t r a t i o n s  d e c r e a s e d  s lo w ly  t o  3 .7  p g .m l 28 d a y s  a f t e r  
d o s in g .
S i g n i f i c a n t  d i f f e r e n c e s  (P < 0 .05) w e re  fo u n d  b e tw e e n  t h e  
m ean p la s m a  c o n c e n t r a t i o n s  i n  t h e  i n f e c t e d  (G roup 1) an d  n o n ­
i n f e c t e d  s h e e p . The AUC o f  e a c h  s h e e p  i n  G roup 1 , 2 an d  i n  n o n ­
in f e c te d  sheep  w ere a n a ly se d  u s in g  one-w ay a n a ly s i s  o f  v a r ia n c e .  
The AUC f o r  sheep  in  Group 2 w ere m u l t ip l ie d  by th r e e  t o  p ro v id e  
a  d i r e c t  c o m p a r is o n  t o  t h o s e  i n  G roup  1 an d  i n  n o n - i n f e c t e d  
s h e e p . I t  w as fo u n d  t h a t  t h e  AUC i n  i n f e c t e d  s h e e p  (G roup  1 
and 2) w e re  s i g n i f i c a n t l y  h ig h e r  (P < 0 .05 ) th a n  th o s e  i n  t h e  
n o n - in fe c te d  sh eep .
3 .3 .3  R es id u e s  o f  ra fo x a n id e  in  p la sm a, b i l e ,  l i v e r  and 
m uscle
R afoxan ide  was d e te c te d  in  th e  p lasm a sam p les , o b ta in e d  a t
_ -i
s l a u g h t e r ,  a t  a  m ean c o n c e n t r a t i o n  o f  3 .4  an d  3.7  p g .m l a f t e r  
a d m in is t r a t io n  o f  ra fo x a n id e  a t  7.5 and 2.5 mg.kg r e s p e c t iv e l y  
(T ab le  2 .3 .2 ) .
Mean c o n c e n t r a t i o n s  o f  0.1 an d  0.3  p g .g  w e re  fo u n d  i n  
l i v e r  s a m p le s  a f t e r  a d m i n i s t r a t i o n  o f  r a f o x a n i d e  a t  7 .5  a n d
2 .5  mg.kg”  ^ r e s p e c t iv e ly  (T ab le  2 .3 .3 ) .
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R afoxan ide  was n o t d e te c te d  a t  th e  l i m i t  o f  d e t e c t io n  o f  th e  
_ <|
m e th o d  ( 0 . 1 0  p g .m l  ) i n  a n y  b i l e  a n d  m u s c l e  s a m p l e s
(T ab le  2.3.3) o b ta in e d  a t  s la u g h te r in g  t im e  from  t r e a t e d  a n im a ls .
3 .3 .4  B iochem ical e s t im a t io n
The m ean c o n c e n t r a t i o n s  o f  ALT, AST, AP an d  YGT i n  p la s m a
a r e  shown i n  F ig .  2 .3 .5 ,  2 .3 .6 ,  2 .3 .7  and 2 .3 .8  r e s p e c t iv e ly .
P lasm a ALT a c t i v i t y  d id  n o t d i f f e r  s i g n i f i c a n t l y  from  t h a t
o f  th e  c o n t ro l  g roup  th ro u g h o u t th e  t r i a l .
The mean maximum p lasm a c o n c e n tr a t io n  o f  AST and AP o c c u rre d
f o u r  t o  s i x  an d  s i x  w eek s a f t e r  i n f e s t a t i o n  r e s p e c t i v e l y  and
d e c l in e d  t o  no rm al a f t e r  t r e a tm e n t  i n  Group 1 sheep .
S ig n i f i c a n t  e le v a t io n s  o f  p lasm a c o n c e n tr a t io n  o f  YGT w ere
seen  b e fo re  t r e a tm e n t  in  Group 1 and 2 sheep  and d e c l in e d  s lo w ly
a f t e r  t r e a t m e n t  b u t  r o s e  a g a i n  o n ly  i n  G roup 1 s h e e p  a f t e r  12
w eeks o f  i n f e s t a t i o n .  T y p ic a l r i s e  i n  YGT a c t i v i t y  was seen  in
t h e  c o n t r o l  g ro u p  an d  r e a c h e d  a  maximum c o n c e n t r a t i o n  o f  
—1116 iU . 1 1 n in e  w eek s a f t e r  i n f e s t a t i o n  an d  th e n  d e c l i n e d  t o  
l e v e l s  s t i l l  h ig h e r  th a n  th e  no rm al l e v e l s .
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TABLE 2 . 3 . 1
ANTHEU4INTTC EFFICACY OF RAFOXANIDE AFTER ORAL ADMINISTRATION 
AGAINST SIX AND TEN WEEK-OLD E a s c io la  h e p a tic a  IN  SHEEP.
Sheep
No.
Dose r a t e  
mg.kg
Time o f  d o s in g  
a f t e r  i n f e c t io n  
(weeks)
N o .o f f lu k e s  
re c o v e re d
N o.o f eggs 
( /g )
E f f ic a c y  + 
(%)
90 7 .5 6 2 1 N eg a tiv e
95 7 .5 6 3 1 | 86 .40
107 7 .5 6 3 7
1 1 2 .5 1 0 2 4
15 2 .5 1 0 4 1 87 .88
44 2 .5 1 0 18 N eg a tiv e
30 * * 83
.
N eg a tiv e
45 * * 64 15
6 6 * * 51 23
* C o n tro l ( in f e c te d  and u n tr e a te d )
(C o n tro l mean -  t r e a t e d  mean)
+ % e f f ic a c y  = ------------------------------------------------ x  1 0 0
c o n t ro l  mean
1 6 5
TABLE 2 . 3 . 2
OONCQWRATIONS (pg.ml*"1 ) OF RAFOXANIDE IN PLASMA OF 
SHEEP TREATED AFTER 6 AND 10 WEEKS OF 
INFESTATION AT 7 .5  AND 2 .5  mg.kg*"1 DOSE RATE.
1 6 6
Sheep number Sheep number
Time — ----------------------------- Mean + S .E .M .---------------   Mean + S.E.M .
90 95 107 1 1 15 44
p re 0 0 0 0 0 0
6  h 4 .0 8 . 0 7 .0 6 .3 _+ 1 . 2 - - - -
1 2  h 14 .0 13 .8 2 1 . 6 1 6 .5 2 . 6 6 . 2 6 .3 6 . 0 6 . 2 + 0 . 1
1 d 24 .8 2 4 .2 37 .7 29 .0 + 4 .4 1 1 . 8 11 .5 9 .0 1 0 . 8 _+ 0 . 1
2  d 32 .2 36 .8 45 .3 38 .0 +_ 3 .8 14 .5 14 .5 13 .2 14 .0 _+ 0 .4
3 d 32 .4 42 .0 54 .3 4 3 .0 6 .4 14 .3 14 .0 14 .3 14 .2 +_ 0 . 1
7 d 2 4 .6 33 .4 40 .0 32 .7 +_ 4 .5 1 0 . 8 12 .5 1 2 . 6 1 2 . 0 _+ 0 .5
1 0  d 23 .0 26 .7 34 .8 28 .2 +_ 3 .5 - - - - -
14 d 21 .7 24 .5 29 .3 25 .2 +_ 6 .5 9 .0 8 . 0 5 .4 7 .5 Hh 1 . 0
17 d 18.6 23 .0 3 1 .4 24 .3 + 3 .8 7 .0 6 . 0 4 .0 5 .7 _+ 0 . 8
2 1  d 14 .0 19 .2 2 1 . 6 18 .3 _+ 2 . 2 6 .4 5 .0 3 .2 4 .8 _+ 0 .9
28 d 13 .7 13 .8 16 .0 14 .5 + 0 .7 4 .5 4 .2 2 .4 3 .7 0 . 6
35 d 10 .4 1 0 . 0 1 1 . 8 10 .7 + 0 .5 - - - - -
42 d 4 .4 6 . 2 5 .4 5 .3 _+ 0 .5 - - - - -
49 d 3 .7 4 .0 4 .7 4 .0 +_ 0 .3 - - - - -
56 d 3 .0 3 .5 3 .8 3 .4 + 0 . 2 _ _
Sheep 90, 95, 107 t r e a t e d  a t  7 .5  mg.kg when f lu k e s  w ere 6  weeks o ld .
Sheep 11, 15, 44 t r e a t e d  a t  2 .5  mg.kg when f lu k e s  w ere 10 weeks o ld .
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TABLE 2 . 3 . 3
(XNCHWRATICNS (p g .m l-1  o r  p g .g - 1 ) OF RAFOXANIDE IN 
BILE, LIVER AND MUSCLE CF SHEEP AFTER ORAL ADMINISIRATION 




B i le  * 
(pg .m l- 1 )
Sample 
L iv e r  * 
(p g .g - 1 )
M uscle * 
(p g .g - 1 )
90 ND 0 . 1 ND
95 ND 0 . 1 ND
107 ND 0 . 1 ND
1 1 ND 0 .5 ND
15 ND 0 .3 ND
44 ND 0 . 2 ND
* Each v a lu e  i s  mean v a lu e  o f  d u p l i c a te  sam ples.
ND None d e te c te d .
•i
Sheep 90, 95, 107 t r e a t e d  a t  7 .5  mg.kg when f lu k e s  w ere 
s ix  weeks o ld .
Sheep 11, 15, 44 t r e a t e d  a t  2 .5  mg.kg when f lu k e s  w ere 
te n  weeks o ld .
1 6 9
FIGURE 2 . 3 . 4
MEAN CENCEOTRATIONS (pg.m l*"1 ) CF RAFOXANIDE IN THE PLASMA 
OF SHEEP (GROUP 1 , n=3) TREATED 6 WEEKS AFTER INFESTATION WITH 
F a s c io la  h e p a tic a  ME7EACERCARIAE AT A DOSE RATE OF 7 .5  m g.kg-1 
AND AT 10 WEEKS AT A DOSE RATE OF 2 .5  m g.kg-1 
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FIGURE 2 . 3 . 5
MEAN (XNCHflRATIQNS ( i u . I -1 ) OF ALANINE AMINOTRANSFERASE 
(ALT) OBTAINED IN PLASMA OF SHEEP IN GROUP 1 (n=3) TREATED WITH 
RAET3XANIDE 6 WEEKS AFTER INFESTATION WITH F a s c io la  h e p a tic a  
METACERCARIAE AT A DOSE RATE OF 7 .5  m g.kg"1 AND IN GROUP 2 
(n=3) TREATED AETER 10 WEEKS OF INFESTATION AT A DOSE RATE OF
2 .5  m g.kg"1 AND IN GROUP 3 (n=3) INFECTED AND UNTREATED.
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FIGURE 2 . 3 . 6
MEAN CONCENTRATIONS ( i u . l “ 1 ) OF ASPARTATE AMINOTRANSFERASE 
(AST) OBTAINED IN THE PLASMA OF SHEEP IN GROUP 1 (n=3) 
TREATED WITH RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH 
F a s c io la  h e p a tic a  METACERCARIAE AT A DOSE RATE OF
7 .5  m g.kg-1 AND IN GROUP 2 (n=3) TREATED 10 WEEKS 
AFTER INFESTATION AT A DOSE RATE OF 2 .5  m g .kg-1 
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FIGURE 2 . 3 . 7
MEAN CENCOnRATICNS ( i u . l -1 ) OF ALKALINE PHOSPHATASE 
(Ap) IN THE PLASMA OF SHEEP IN  GROUP 1 (n=3) TREATED WITH 
RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH E a s c io la  h e p a tic a  
METACERCARIAE AT A DOSE RATE OF 7 .5  m g.kg-1 AND IN GROUP 2 
(n=3) TREATED AFTER 10 WEEKS OF INFESTATION AT A DOSE RATE OF
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FIGURE 2 . 3 . 8
MEAN OTK^WRATIONS ( i u . l “ 1 ) OF GAMMA-GUJTAMZL 
TRANSPEPTTDASE ( JGT)  IN  THE PLASMA CF SHEEP IN GROUP 1 (n=3) 
TREATED WITH RAFOXANIDE 6 WEEKS AFTER INFESTATION WITH 
F a s n io la  h e p a tic a  METACERCARIAE AT A DOSE RATE CF 7 .5  m g.kg-1 
AND IN GROUP 2 (n=3) TREATED AETER 10 WEEKS OF INFESTATION AT 





gamma-glutamyl t ranspep t idase  
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3 .5  D isc u ss io n
I t  h a s  been  shown t h a t  th e  a n th e lm in t ic  a c t i v i t y  o f  m ost o f  
t h e  f l u k i c i d a l  a n t h e l m i n t i c s  i s  i n f l u e n c e d  by  t h e i r  s t r o n g  
a f f i n i t y  f o r  p la s m a  p r o t e i n s .  The p r o c e s s  o f  b in d in g  a c t s  t o  
p ro lo n g  th e  h a l f  l i f e  o f  th e  d ru g  in  th e  a n im a l 's  body and  m igh t 
p r o v id e  a  p o s s i b l e  r o u t e  by  w h ic h  t h e s e  d r u g s  a r e  d e l i v e r e d  t o  
th e  p a r a s i t e  and e x e r t  t h e i r  a c t i v i t y  (Broome and Jo n e s  1966; Lee 
1973 ; G u e r r e r o  e t  a l  1 9 8 2 ). F o r  e x a m p le , c l o s a n t e l  h a s  b e e n  
shown t o  have a  r e s id u a l  a c t i v i t y  a g a i n s t  H aem onchus c o n t o r t u s  
f o r  60 d a y s  a f t e r  d ru g  a d m i n i s t r a t i o n  ( H a l l  e t  a l  1 9 8 1 ), 
r a f o x a n i d e  p r e v e n te d  t h e  r e i n f e c t i o n  w i th  t h e  l a r v a l  s t a g e  o f  
O e s tru s  o v i s  i n  s h e e p  f o r  11 d a y s  a f t e r  a d m i n i s t r a t i o n  (H o rak , 
Louw and Raymond 1971).
I n  t h i s  e x p e r im e n t ,  e f f i c a c y  o f  r a f o x a n i d e  (86.40% ) a t
_i
7 .5  mg.kg a g a in s t  s i x  w eek -o ld  f lu k e  a f t e r  o r a l  a d m in is t r a t io n  
w as i n  g e n e r a l  a g re e m e n t  w i th  t h o s e  o b ta in e d  a f t e r  o r a l  
a d m in is t r a t io n  o f  th e  d ru g  [99%; Armour and Corba (1970) and 97%; 
G u ilh o n  e t  a l  (1 9 7 0 ) ] ,  an d  w i th  th o s e  a f t e r  i n t r a r u m i n a l  
a d m in is t r a t io n  [87%; Ross (1970); 95%; C am pbell and H otson (1971) 
and 88.9%; Hbrak, S n i jd e r s  and Louw (1972)].
P re s id e n te  and Knapp (1972) found t h a t  ra fo x a n id e  g iv e n  a t
7 .5  m g.kg w as 58.8% e f f i c i e n t  a g a i n s t  s i x  w e e k -o ld  f l u k e s  i n  
c a l v e s .  L ow er e f f i c a c y  (37.9%) w as r e p o r t e d  i n  c a t t l e  by  
S n i jd e r s  and Horak (1 975 ).
The d i f f e r e n c e s  i n  e f f i c a c y  b e tw e e n  s h e e p  an d  c a t t l e  i s  
p r o b a b ly  d u e  t o  t h e  g r e a t e r  am o u n t o f  c o n n e c t iv e  t i s s u e s  i n  
c a t t l e  l i v e r  p a re n c h y m a  w h e re a s  s h e e p  h a v e  l e s s  c o n n e c t iv e
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t i s s u e s  ( s o f t  p a re n c h y m a ) w h ic h  p r e s e n t s  no  b a r r i e r  t o  t h e  
f lu k e s .  A lso  th e  s h o r t  h a l f  l i f e  o f  ra fo x a n id e  (7 days) found in  
c a t t l e  fo l lo w in g  th e  a d m i n i s t r a t i o n  o f  5 m g.kg (D edek e t  a l , 
1977) in d i c a te s  a  more r a p id  e l im in a t io n  o f  ra fo x a n id e  i n  c a t t l e .  
S in c e  a c u te  f a s c i o l i a s i s  i s  n o t  such  a  m a jo r prob lem  in  c a t t l e  a s  
in  sheep , th e  aim  o f  t r e a tm e n t  a g a in s t  f a s c i o l i a s i s  in  c a t t l e  i s  
m a in ly  tow ard  th e  a d u l t  f lu k e s .
A g a in s t  t e n  w e e k -o ld  f l u k e  r a f o x a n id e  g iv e n  a t  2.5 mg.kg 
s h o w e d  s i m i l a r  e f f i c a c y  (8 7 .8 8 % ) t o  t h a t  o b t a i n e d  a f t e r  
in t r a r u m in a l  a d m in is t r a t io n  (2.5 mg.kg ) a g a in s t  F. g ig a n t ic a  in  
c a t t l e  (S n i jd e r s ,  Horak and Louw, 1971). When, how ever, i n  t h i s  
t r i a l  th e  dosage t h a t  was r e c e iv e d  by sheep  h a rb o u rin g  te n  w eek- 
o ld  f lu k e s  was in c re a s e d  from  2.5 t o  7.5 mg.kg th e  e f f i c a c y  o f  
ra fo x a n id e  w ould be h ig h e r  th a n  87.88% a s  th o s e  s ta g e s  o f  f lu k e s  
w hich  a r e  a d u l t  a t  t h i s  s ta g e  a r e  more s u s c e p t ib le  t o  th e  a c t io n  
o f  r a fo x a n id e .
The e x p e rim e n t w ould have been  b e t t e r  d e s ig n e d  i f  one o f  th e  
sh e e p  d o s e d  a f t e r  s i x  w eek s o f  i n f e s t a t i o n  h ad  b e e n  k i l l e d  
s h o r t l y  a f t e r  t r e a t m e n t  t o  a s s e s s  t h e  a c t u a l  e f f i c a c y  o f  
r a f o x a n i d e  a g a i n s t  t h e  i m m a t u r e  l i v e r  f l u k e s .  B u t ,  
u n f o r tu n a te ly ,  th e  r e s t r i c t e d  number o f  sheep  u sed  in  t h i s  t r i a l  
made t h i s  a s se s sm e n t n o t  p o s s ib le .  A lso , o b ta in in g  a  t r u e  co u n t 
o f  im m ature f lu k e s  a t  ab o u t s ix  t o  sev en  weeks i s  v e ry  d i f f i c u l t  
(and i s  th e  re a so n  why a l l  o th e r  a u th o rs  have a llo w e d  s u rv iv in g  
f l u k e s  t o  m a t u r e  b e f o r e  c o u n t i n g )  a n d  w o u ld  a l s o  h a v e  
n e c e s s i t a t e d  t h e  k i l l i n g  o f  e q u i v a l e n t  n u m b e rs  o f  c o n t r o l  
a n im a ls .  H ow ever, f o r t u n a t e l y ,  t h e  r e s u l t s  o f  e f f i c a c y  o f  
ra fo x a n id e  a g a in s t  s i x  and te n  w eek -o ld  l i v e r  f lu k e  o b ta in e d  in
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t h i s  t r i a l  w as a s  e x p e c te d  a n d  c o n f i r m e d  t h e  h y p o th e s i s  upon  
w h ic h  t h i s  e x p e r im e n t  w as b a s e d ,  n a m e ly  t h a t  r a f o x a n i d e  h a s  
l i t t l e  e f f i c a c y  a g a i n s t  y o u n g e r  f l u k e s  an d  t h a t  t h e  e f f i c a c y  
re p o r te d  by p re v io u s  w o rk ers  i s  due t o  c o n t in u in g  e f f i c a c y  a s  th e  
f lu k e s  re a c h  m a tu r i ty  and become b lo o d -s u c k e rs .
F lu k e s  re c o v e re d  a t  au to p sy  from  sheep  t r e a t e d  a f t e r  s i x  and 
t e n  w eek s o f  i n f e s t a t i o n  w e re  s m a l l e r  i n  s i z e  (F ig . 2 .3 .9 )  w hen 
com pared t o  f lu k e s  re c o v e re d  from  c o n t r o l  sheep . I t  i s  p o s s ib le  
t h a t  r a f o x a n i d e  may b e  s lo w  a c t i n g  an d  c a u s e d  c o n s i d e r a b l e  
s t u n t i n g  i n  t h e  g ro w th  o f  t h e  f l u k e s  an d  h e n c e  r e d u c e  t h e i r  
p a th o g e n ic i ty .
K now ing t h e  c o n c e n t r a t i o n  o f  r a f o x a n i d e  i n  t h e  f l u k e s  
r e c o v e r e d  fro m  t h e  g ro u p  t r e a t e d  s i x  an d  t e n  w eek s  a f t e r  
i n f e s t a t i o n  w ould p ro v id e  f u r th e r  in fo rm a tio n  w hich i s  h e lp f u l  t o  
i n t e r p r e t  w h e th e r  r a f o x a n i d e  h ad  a f f e c t e d  t h e  im m a tu re  o r  t h e  
m a tu re  f l u k e s .  U n f o r tu n a t e ly ,  h o w e v e r , i t  w as n o t  p o s s i b l e  t o  
m e a su re  r a f o x a n i d e  i n  t h e  f l u k e s  d u e  t o  t h e  s m a l l  n u m b er o f  
f lu k e s  re c o v e re d  from  b o th  g roups w hich p roved  to  be i n s u f f i c i e n t  
f o r  th e  a n a l y t i c a l  p ro ced u re .
An e x p e r im e n t  w as a l s o  c o n s id e r e d  t o  e s t a b l i s h  w h e th e r  
p lasm a p ro te in -b o u n d  ra fo x a n id e  acc u m u la te s  in  f lu k e s  o r  w h e th e r  
b i l i a r y  c o n c e n tr a t io n s  a r e  in v o lv e d .
1 "31I t  i s  e a s i l y  p o s s i b l e  t o  l a b e l  a l b u m i n  u s i n g  I .
T h e r e f o r e  g iv i n g  r a f o x a n i d e  t o  a  s h e e p  g iv e n  l a b e l l e d  a lb u m in
w ould p roduce  th e  p o s s i b i l i t y  o f  m easu rin g  accu m u la ted  ra fo x a n id e
1 31and s im u lta n e o u s ly  I  in  f lu k e s  and th e  c o n c e n tra t io n s  sh o u ld  
be w e l l  c o r r e l a te d  i f  f lu k e s  ta k e  p lasm a album in . U n fo r tu n a te ly ,
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1 "31h o w e v e r  J I  h a s  a  s h o r t  h a l f  l i f e  an d  i t  w as n o t  p o s s i b l e  t o  
d e v i s e  a  r e g im e n  t o  a l lo w  r a f o x a n i d e  t o  e q u i l i b r a t e  w i th  t h e  
a lb u m in  i n  a  s u f f i c i e n t l y  s h o r t  t im e  b e fo re  th e  I  decayed.
Changes i n  p lasm a enzyme c o n c e n tr a t io n  due t o  l i v e r  damage 
d u r in g  t h e  c o u r s e  o f  n a t u r a l  an d  e x p e r i m e n t a l  f a s c i o l i a s i s  i n  
s h e e p ,  g o a t s  an d  c a t t l e  h a v e  b e e n  r e p o r t e d  by  many a u t h o r s  
(S e w e l l  1967 ; P in k ie w ic z  an d  M adej 1967 ; G en ch i an d  L o c a t e l i  
1969; Thorpe 1968; Thorpe and F ord  1969; G urlap  and W eissenburg  
1969; Hughes e t  a l  1974; A nderson e t  a l  1981; M artone e t  a l  1983;
Kumar and P achau r 1984; Row lands e t  a l  1985).
C e r t a i n  o f  t h e s e  en zy m es e x i s t  i n  h ig h  c o n c e n t r a t i o n s  i n  
h e p a t ic  c e l l s  and m ig h t be  re g a rd e d  a s  b e in g  good in d i c a to r s  o f  
l i v e r  c e l l  dam age e .g .  e l e v a t i o n  i n  a l k a l i n e  p h o s p h a ta s e  (AP) 
c o n c e n tr a t io n  o c c u rs  due to  la c k  o f  b i l i a r y  e x c r e t io n ,  e le v a t io n  
in  a la n in e  a m in o tra n s fe ra s e  (ALT) and a s p a r t a t e  a m in o tra n s fe ra s e  
(AST) c o n c e n t r a t i o n s  d u e  t o  d i s r u p t i o n  o f  h e p a t i c  p a re n c h y m a l 
c e l l s  an d  i n c r e a s e  i n  p la s m a  c o n c e n t r a t i o n s  o f  g a m m a g lu ta m y l 
t r a n s p e p t id a s e  ( Y GT) due to  im p a ire d  s y n th e s is  by th e  l i v e r  i .e .
damage a f f e c t in g  th e  b i l i a r y  e p i th e l iu m  (K elly  1974).
The s i g n i f i c a n t  (P < 0.05) e le v a t io n  i n  th e  c o n c e n tr a t io n  o f  
AST, AP an d  YGT i n  p la s m a  o f  a l l  s h e e p  s e e n  s i x  w eek s a f t e r  
i n f e s t a t i o n  d e m o n s t r a te s  t h e  u s e f u l n e s s  o f  su c h  en zy m es i n  
a s s e s s i n g  t h e  n a t u r e  o f  dam age o c c u r in g  i n  l i v e r  t i s s u e s .  ALT 
a c t i v i t y  c h a n g e s  w e re  n o t  s i g n i f i c a n t  (P > 0 .0 5 ) ,  t h i s  enzym e 
o c c u r r in g  in  v e ry  low c o n c e n tra t io n s  i n  ru m in a n ts .
L iv e r  f lu k e s  a r e  c o n s id e re d  a s  a  haem atophagous p a r a s i t e  and 
a n im a ls  s u f f e r in g  from  f a s c i o l i a s i s  show some d eg ree  o f  an aem ia , 
w h ic h  i s  o f  a  n o r m o c y t ic  n o rm o c h ro m ic  ty p e  (S te p h e n s o n  1 9 4 7 ;
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J e n n in g s  e t  a l , 1955 , 1956 ; P e a r s o n  1963 ; H olm es e t  a l  1967; 
Row lands 1969; Cawdery 1976; Brown and Neva 1983).
In  Group 2 sheep  ( t r e a te d  te n  weeks a f t e r  i n f e s t a t i o n )  th e  
v a l u e s  o f  h a e m o g lo b in  w e re  fo u n d  t o  b e  s i g n i f i c a n t l y  lo w e r  
(P < 0 .0 5 ) th a n  th o s e  i n  t h e  c o n t r o l  g ro u p  w h e re a s  i n  G roup  1 
sheep  ( t r e a te d  s ix  w eeks a f t e r  i n f e s t a t i o n )  th e  v a lu e s  w ere n o t 
s i g n i f i c a n t l y  changed (P < 0 .05 ) ( F ig u r e  2 .3 .1 0 ) .
An i n c r e a s e  i n  t h e  e o s i n o p h i l  c o u n t  a s  a  r e s p o n s e  t o  t h e  
dam age o f  l i v e r  t i s s u e s  c a u s e d  by  m i g r a t i o n  o f  t h e  f l u k e s  i n  
l i v e r  parenchym a h as  a l s o  been  r e p o r te d  i n  c a s e s  o f  f a s c i o l i a s i s  
(K e l ly  1 9 7 4 ). I n  a l l  s h e e p ,  t h e  p e r c e n ta g e  o f  e o s i n o p h i l  c o u n t  
(F ig . 2 .3 .1 1 )  was n o t s ig n i f i c a n t l y  changed (P < 0 .0 5 ) .
I t  i s  i n t e r e s t i n g  t h a t  th e r e  w ere s i g n i f i c a n t  changes i n  th e  
p la s m a  c o n c e n t r a t i o n s  an d  AUC b e tw e e n  t h e  i n f e c t e d  a n d  n o n -  
in f e c te d  a n im a ls . The d i f f e r e n c e s  i n  th e  p lasm a c o n c e n tr a t io n s  
a n d  AUC may b e  d u e  t o  t h e  u s e  o f  d i f f e r e n t  s h e e p . H ow ever, t h e  
sheep  w ere n o t m arked ly  f a t  o r  t h i n  i n  e i t h e r  g roup  s u f f i c i e n t  t o  
e x p l a i n  s u c h  a  l a r g e  d i f f e r e n c e .  I n  f a c t ,  o n e  o f  t h e  s h e e p  i n  
t h e  i n f e c t e d  g ro u p  (No.90) w as u s e d  i n  t h e  p r e v io u s  e x p e r im e n t  
( a s  n o n - i n f e c t e d ) .  The p la s m a  c o n c e n t r a t i o n s  w e re  fo u n d  t o  b e  
s i g n i f i c a n t l y  h ig h e r  (P < 0.05) when th e  a n im a l was in f e c te d .
H ow ever, by  i n s p e c t i o n  o f  t h e  p la sm a  c o n c e n t r a t i o n s  o f  
r a f o x a n i d e / t i m e  p r o f i l e ,  i t  c a n  b e  c o n c lu d e d  t h a t  l i v e r  f l u k e  
i n f e c t i o n  d id  n o t  a l t e r  t h e  o v e r a l l  s h a p e  o f  t h e  p la s m a  
c o n c e n tr a t io n / t im e  cu rv e  o f  ra fo x a n id e  in  sheep . The re a s o n  f o r  
h ig h e r  c o n c e n t r a t i o n s  i n  t h e  i n f e c t e d  g ro u p  may b e  d u e  t o  t h e  
f l u k e  i n f e c t i o n  c a u s in g  a  r e d u c e d  r a t e  o f  h e p a t i c  m e ta b o l i s m .
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H ow ever, t h i s  m ig h t  b e  e x p e c te d  t o  e v id e n c e  i t s e l f  a s  a  m ore 
p ro lo n g ed  e l im in a t io n  r a t h e r  th a n  h ig h e r  maximum c o n c e n tra t io n s .  
The in f e c te d  g roup  w i l l  be  r e l a t i v e l y  d e f i c i e n t  i n  p lasm a p r o te in  
b u t  t h i s  s h o u l d  l e a d  t o  r e d u c e d  r a t h e r  t h a n  h i g h e r  
c o n c e n tra t io n s  ( th e  a n a l y t i c a l  m ethod m easu res f r e e  and p r o te in -  
bound  d ru g ) .  A l t e r n a t i v e l y  b e t t e r  a b s o rp tio n  may be o c c u rr in g . 
I n f e c t i o n ,  l e a d i n g  t o  i n a p p e ta n c e ,  may b e  p r o lo n g in g  t h e  g u t  
p a ssa g e  t im e  a l lo w in g  a  lo n g e r  t im e  f o r  a b s o rp tio n .
Rumen b y - p a s s  h a s  b e e n  show n t o  a f f e c t  t h e  a n t h e l m i n t i c  
a c t i v i t y  o f  b e n z im id a z o le  d r u g s  a g a i n s t  r e s i s t a n t  s t r a i n s  o f  
im p o r ta n t  s p e c ie s  o f  g a s t r o i n t e s t i n a l  nem atodes i n  sh eep  (K elly  
e t  a l ,  1 9 7 7 ). C l i o x a n id e ,  a n o t h e r  m em ber o f  s a l i c y l a n i l i d e  
f a s c io l i c i d e s .  h a s  been  shown to  be l e s s  e f f e c t i v e  a g a in s t  l i v e r  
f l u k e s  an d  Hj_ co n  t o r t u s  w hen g iv e n  i n t r a a b o m a s a l l y  (B o ray  an d  
Roseby 1969; Symons and Roseby 1969; C am pbell and B ro to w id jo y o  
1 9 7 5 ), w h e re a s  rum en  b y - p a s s  d id  n o t  a f f e c t  t h e  a n t h e l m i n t i c  
a c t i v i t y  o f  ra fo x a n id e  i n  sheep  (Cam pbell and B ro to w id jo y o  1975). 
However u s in g  an  e f f ic a c y  e x p e rim e n t f o r  t h i s  pu rp o se  i s  a  r a t h e r  
c ru d e  way o f  in v e s t ig a t io n  s in c e  in d iv id u a l  v a r i a t i o n  in  e f f i c a c y  
i s  l a r g e .
The p la s m a  r a f o x a n i d e  c o n c e n t r a t i o n s / t i m e  c u r v e  show n by  
b o th  i n f e c t e d  g r o u p s ,  show s no  e v id e n c e  t h a t  ru m en  b y - p a s s  h ad  
o c c u rre d  s in c e  ra fo x a n id e  was d e te c te d  in  o n ly  low  c o n c e n tr a t io n s  
in  th e  e a r l i e r  sam ples ( s ix  h o u rs  a f t e r  d o s in g ). A b so rp tio n  from  
t h e  abom asum  i s  r e l a t i v e l y  f a s t e r  th a n  t h a t  fro m  t h e  ru m en . 
T h e r e f o r e  i f  ru m en  b y - p a s s  h ad  o c c u r r e d  a  b i - p h a s i c  p a t t e r n  o f  
a b s o r p t i o n  w o u ld  b e  s e e n  i . e .  t h e  d ru g  w o u ld  b e  d e t e c t e d  i n  
h ig h e r  c o n c e n tra t io n s  i n  sam ples e a r l i e r  th a n  th r e e  d a y s .
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R e s id u e s  o f  r a f o x a n i d e  o b ta in e d  i n  t h i s  t r i a l  a r e  i n  
a g r e e m e n t  w i t h  t h o s e  f o u n d  i n  n o n - i n f e c t e d  s h e e p  ( s e e  
S e c t io n  2 .5 .3 ) .  R a fo x a n id e  w as n o t  d e t e c t e d  a t  t h e  l i m i t  o f  
d e t e c t i o n  ( 0 . 1 0  p g .m l ) i n  a n y  b i l e  s a m p le  o b ta in e d  f ro m  t h e  
s h e e p  a t  s l a u g h t e r .  T h is  r e s u l t  f u r t h e r  c o n f i r m s  t h e  p r e v io u s  
s u g g e s tio n  t h a t  th e  c o n c e n tra t io n  o f  ra fo x a n id e  around  th e  m a tu re  
f l u k e s  i n h a b i t i n g  b i l e  d u c t s  i s  p r o b a b ly  n o t  t h e  way by  w h ic h  
t h i s  a n th e lm in t ic  re a c h e s  th e  p a r a s i t e  b u t  t h a t  ra fo x a n id e  bound 
t o  p la s m a  p r o t e i n s  i s  b e in g  i n g e s t e d  by  t h e  f l u k e s  i n  l i v e r  an d  
b i l e  d u c t s  a s  f l u k e s  i n  b i l e  d u c t s  f e e d  m a in ly  on  b lo o d  r a t h e r  
th a n  on  t i s s u e s  (R ow lan d s 1969 ; J e n n in g s  e t  a l  1956 ; P e a r s o n  
1963).
L i v e r s  o f  s h e e p  i n  G ro u p  1 a n d  2 c o n t a i n e d  a  m e an
_-i
c o n c e n t r a t i o n  o f  0.1 an d  0.3  p g .g  o f  r a f o x a n i d e  r e s p e c t i v e l y .  
In  a l l  m uscle  sam ples no ra fo x a n id e  was d e te c te d  a t  th e  l i m i t  o f
-i
d e te c t io n  (0 . 1 0  pg .g  ) w h ich  i s  a l s o  s i m i l a r  t o  th o s e  f i n d i n g s  
in  th e  p re v io u s  ex p erim en t.
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FIGURE 2 . 3 . 9
FLUKES RECOVERED AT AUTOPSY (14 WEEKS AFTER INFESTATION 
WITH 450 E a s c io la  h e p a tic a  METACERCARIAE FROM 
A : SHEEP INFESTED AND UNTREATED, B : SHEEP TREATED WITH 
RAFOXANIDE AT 7 .5  m g.kg"1 6 WEEKS AFTER INFESTATION,




FIGURE 2 . 3 . 1 0
MEAN VALUES OF HAEMOGLOBIN ( g .d l“ 1 ) MEASURED IN SHEEP 
IN  GROUP 1 (n=3) TREATED SIX WEEKS AFTER INFESTATION WITH 
E a s c io la  h e p a tic a  METACERCARIAE AT A DOSE RATE OF 7 .5  m g.kg-  ^
AND IN GROUP 2 (n=3) TREATED AFTER 10 WEEKS OF INFESTATION AT 
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FIGURE 2 . 3 . 1 1
MEAN EOSINOPHILIC OOUNT (%) OBTAINED IN SHEEP IN GROUP 1 (n=3) 
TREATED SIX WEEKS AETER INFESTATION WITH F a s c io la  h e p a tic a  
METACERCARIAE AT A DOSE RATE OF 7 .5  m g.kg-1 AND IN GROUP 2 
(n=3) TREATED AETER 10 WEEKS OF INFESTATION AT A DOSE RATE 
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CHAPTER 4
PHARMACOKINETIC STUDIES OF CLOSANTEL IN  SHK'KP
4 . P h arm ac o k in e tic  S tu d ie s  o f  C lo s a n te l  i n  Sheep
4.1 In t r o d u c t io n
4 .1 .1  E f f ic a c y
C lo s a n te l  : N -{ 5 -c h lo ro -4 -[  (4 -c h lo ro -p h e n y l)  cyanom ethy l ] - 2 -  
m e th y l  p h e n y l} - 2 - c h l r o x y - 3 , 5 - d i i o d o b e n z a m i d e ,  i s  a  new  
i n j e c t a b l e  a n d  o r a l l y  a c t i v e  s a l i c y l a n i l i d e  a n t h e l m i n t i c  
d i s c o v e r e d  by  J a n s s e n  an d  S ip id o  (1 9 7 7 ). The s t r u c t u r e  o f  
c l o s a n t e l  i s  shown in  F ig . 2.4.1. C lo s a n te l  h as  been  shown t o  be 
e f f ic a c o u s  a g a in s t  im p o r ta n t  s p e c i e s  o f  n e m a to d e s  o f  s h e e p  an d  
c a t t l e  e.g . H. c o n to r tu s  (Van den B ossche e t  a l  1979; H a ll e t  a l  
1980, 1981; B oisvenue e t  a l  1983), m a tu re  and im m ature fo rm s o f  
F a s c io la  h e p a t ic a  and F a s c io la  g ig a n t ic a  i n  sheep  and c a t t l e  (Van 
den  B ossche e t  a l  1979; Dobbins and W e llin g to n  1982), b o v in e  and 
o v i n e  a r t h r o p o d s ,  D e r m a t o b ia  h o m i n i s , H ypoderm a sp p  an d  
O e s tru s  b o v is  (Van d en  B o ssc h e  e t  a l  1979 ; C h a ia  e t  a l  1 9 8 1 ); 
C a n in e  hookw orm  A n c y lo s to m a  c an in u m  (G u e r re ro  e t  a l  1 982) an d  
a g a i n s t  t h e  l a r v a l  s t a g e  o f  t h e  ta p e w o rm  T a e n ia  p i s i f o r m i s  i n  
r a b b i t s  (C h e v is  e t  a l  1 9 8 0 ). C l o s a n t e l  h a s  b e e n  show n t o  b e  
a c t iv e  a g a in s t  a d u l t  and m ig ra tin g  la rv a e  o f  S tro n g y lu s  v u lg a r i s  
in  h o rse s  (G uerrero  e t  a l  1983).
4 .1 .2 .  Mode o f  A c tio n
The m echanism  o f  a c t io n  o f  c l o s a n t e l  a g a in s t  F. h e p a t ic a  h as  
been  d e s c r ib e d  a s  d i s r u p t io n  o f  p h o s p h o ry la t io n  o f  m ito c h o n d r ia  
w h ic h  o c c u r s  b o th  i n  v iv o  an d  i n  v i t r o  (Van d e n  B o ssc h e  e t  a l  
1979; Kane e t  a l  1 9 8 0 ) .  C l o s a n t e l  d id  n o t  u n c o u p le
p h o sp h o ry la t io n  in  r a t  h e a r t  and l i v e r  m ito c h o n d ria  i n  v iv o  when 
r a t s  w e re  i n j e c t e d  i n t r a m u s c u l a r l y  w i th  c l o s a n t e l  a t  d o s e s  o f  
5 mg.kg-  ^ (Van den  B ossche e t  a l  1979).
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I n  f l u k e s  in c u b a te d  i n  v i t r o  an d  f l u k e s  r e c o v e r e d  fro m  
t r e a t e d  s h e e p ,  c l o s a n t e l  d im in i s h e d  ATP s y n t h e s i s ,  i n c r e a s e d  
c a r b o h y d r a t e  m o b i l i s a t i o n  an d  i n c r e a s e d  en d  p r o d u c t  f o r m a t io n  
e s p e c i a l l y  o f  s u c c i n a t e  (K ane e t  a l  1 9 8 0 ). S uch  r e s u l t s  a r e  
c o n s i s t e n t  w ith  th e  h y p o th e s is  o f  th e  u n co u p lin g  a c t i v i t y  o f  m ost 
s a l i c y l a n i l i d e s  (Van d e n  B o ssc h e  1976) an d  th u s  a  s i m i l a r  
m ech an ism  o f  a c t i v i t y  may a l s o  b e  r e s p o n s i b l e  f o r  t h e  v a r i e d  
a c t i v i t y  o f  c l o s a n t e l  a g a i n s t  som e n e m a to d e  an d  a r th r o p o d  
s p e c i e s .  E v id e n c e  o f  a n  a n t i c h o l i n e s t r a s e  a c t i o n  o f  c l o s a n t e l  
was shown in  dogs (H olenw eger and Taroco 1982). I t  i s  n o t  c l e a r  
i f  t h i s  a c t io n  i s  im p o r ta n t  in  th e  a c t i v i t y  o f  c l o s a n t e l  a g a in s t  
p a r a s i t e s .
4 .1 .3 .  S a fe ty  t o  H ost
C l o s a n t e l  a d m i n i s t e r e d  o r a l l y  o r  in t r a m u s c u la r ly  a t  5 and 
1 0  mg.kg o f  bodyw eigh t ap p ea red  t o  be w e ll  t o l e r a t e d  by sheep  
(H a ll e t  a l  1980, 1981). No u n d e s ir a b le  s ig n s  w ere shown in  one 
month o ld  f o a l s  t r e a t e d  o r a l l y  f i v e  t im e s  a t  tw o month i n t e r v a l s  
w i th  c l o s a n t e l  a t  d o s e s  o f  5 , 10 , 20 an d  40 mg.kg ( G u e r r e ro  
e t  a l  1 9 8 3 ).
The i n j e c t a b l e  fo rm u la tio n  o f  c l o s a n t e l  was shown to  be  s a f e  
i n  d o g s  i n j e c t e d  i n t r a m u s c u l a r l y  a t  d o s e s  up  t o  2 0  m g.kg o f  
bodyw eigh t (G uerrero  e t  a l  1982) and in  c a lv e s  a t  2 .5 , 8.0 and
12.5 mg.kg-  ^(Dobbins and W e llin g to n  1982; C haia e t  a l  1981).
4 .1 .4  P h a rm ac o k in e tic s  and O b je c tiv e
T here a r e  few  p u b lish e d  d a ta  on th e  a n th e lm in t ic  a c t i v i t y  o f  
c l o s a n te l  a s  th e  d ru g  h as  o n ly  r e c e n t ly  been  m ark e ted  (n o t i n  th e  
U n ited  Kingdom) and no s tu d ie s  have been  p u b lish e d  c o n c e rn in g  th e
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p h a rm a c o k in e tic  b e h a v io u r  o f  c l o s a n t e l  i n  s h e e p . T h e r e f o r e  i t  
was i n t e r e s t i n g  t o  i n v e s t ig a t e  th e  p h a rm a c o k in e tic s  o f  c l o s a n t e l  
i n  s h e e p  w i t h  a  s p e c i a l  e m p h a s is  on  t h e  p la sm a  p r o t e i n  b in d in g  
and t i s s u e  r e s id u e s .
4 .2  D e te rm in a tio n  o f  C lo s a n te l  in  Plasm a
T here  i s  c u r r e n t ly  no p u b lish e d  m ethod f o r  th e  d e te rm in a t io n  
o f  c lo s a n te l  in  body f lu i d s .  However i t  was found t h a t  th e  same 
m ethod p re v io u s ly  dev e lo p ed  f o r  th e  e x t r a c t i o n  o f  ra fo x a n id e  i n t o  
d i - e t h y l  e t h e r  w as a l s o  a p p l i c a b l e  t o  c l o s a n t e l  an d  th u s  t h i s  
m e th o d  w as u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  c l o s a n t e l  i n  p la s m a  
sam p les .
4 .2 .1  M a te r ia ls  and M ethods
4 .2 .1 .1  P ro ced u re  o f  A n a ly s is
C l o s a n t e l  w as e x t r a c t e d  fro m  p lasm a sam p les i n t o  d i - e t h y l  
e th e r  and d e te rm in e d  by an  H plc m ethod a s  d e s c r ib e d  i n  C h ap te r 2 , 
S e c t io n  2 .2 .2 .3  u s in g  U.V. d e t e c t i o n .
R esid u es  w ere d is s o lv e d  in  100 p i  m ethano l and in j e c te d  o n to  
t h e  H p lc  co lu m n . The l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  w as
A
0 .10  ug.m l C lo s a n te l  was d e te c te d  a t  a wave le n g th  o f  254 nm. 
U sing th e  Hplc c o n d i t io n s  d e s c r ib e d  in  S e c tio n  2.2.1.2 c l o s a n t e l  
had a  r e t e n t io n  tim e  o f  3 .8 5  m in u te s .
4 .2 .1 .2  P re p a ra t io n  o f  S ta n d a rd s  and R e c o v e rie s
A s to c k  s o l u t i o n  o f  c l o s a n t e l  w as m ade up  i n  m e th a n o l  a s  
d e s c r ib e d  in  C h ap te r 2 , S e c t io n  2 .2 .1 .4 .
I t  w as fo u n d  t h a t  c l o s a n t e l  d e c o m p o se s  i n  s o l u t i o n  w hen 
e x p o s e d  t o  l i g h t  so  a l l  s a m p le s  c o n t a i n i n g  c l o s a n t e l  w e re  
p r o te c te d  from  l i g h t  by u s in g  brow n g la s s  tu b e s  and w rapp ing  th e  
tu b e s  w ith  aluminum f o i l .
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S p ik e s  c o n t a i n i n g  2 , 5 , 10 , 14 an d  20 p g .m l o f  c l o s a n t e l  
i n  p la s m a  w e re  p r e p a r e d  by  a d d in g  know n a m o u n ts  o f  t h e  d ru g . 
These w ere ta k e n  th ro u g h  th e  p ro ced u re  o f  a n a ly s i s  to g e th e r  w ith  
th e  a c tu a l  sam p les .
T a b le  2.4.1 show s p e r c e n ta g e  r e c o v e r i e s  o f  c l o s a n t e l  fro m  
th e  sp ik e d  p lasm a.
C a lc u la t io n  o f  th e  p e rc e n ta g e  r e c o v e r ie s  in  th e  s p ik e s  and 
c o n c e n tra t io n  o f  th e  d ru g  i n  th e  sam p les  was perfo rm ed  u s in g  th e  
e q u a tio n s  d e s c r ib e d  i n  C h ap te r 1 , S e c t io n  1 .2 .1 .4 .
4 .2 .2  E xperim en ts w ith  C lo s a n te l
4 .2 .2 .1  A nim als and Drug A d m in is tra tio n
F iv e  s h e e p  o f  d i f f e r e n t  b r e e d  an d  s e x  w e re  u s e d  i n  t h i s  
ex p e rim en t. The sheep  w ere dosed  o r a l l y  w ith  c lo s a n te l  a t  a  do se  
r a t e  o f  7.5 mg.kg o f  b o d y w e ig h t .  The s u s p e n s io n  w as a  r e a d y  
f o r m u l a t i o n  f o r  o r a l  a d m i n i s t r a t i o n  a t  a  c o n c e n t r a t i o n  o f  15% 
w /v .
T a b le  2 .4 .2 . show s i n d i v i d u a l  s h e e p  w e ig h t  an d  v o lu m e  o f  
c lo s a n te l  a d m in is te re d  o r a l l y  t o  each  sh eep .
4 .2 .2 .2  Samples f o r  A n a ly s is
B lo o d  s a m p le s  w e re  w ith d ra w n  fro m  t h e  j u g u l a r  v e i n  i n t o  
h e p a r i n i s e d  s y r i n g e s  (M o n o v e tte ,  S a r s t e d t )  u s in g  20 g a u g e  1" 
n e e d le s ,  im m e d ia te ly  b e fo re  th e  a d m in is t r a t io n  o f  th e  d ru g  (p re  
s a m p le )  an d  a t  1 , 2 , 3 , 6 , 8 , 10 , 14 , 17 , 2 1 , 2 4 , 2 8 , 3 1 , 3 5 , 4 9 ,
70 an d  91 d a y s  a f t e r  t h e  a d m i n i s t r a t i o n .  On t h e  o u t s e t  a  
s a m p l in g  p e r io d  o f  28 d a y s  w as u s e d  b u t  e a r l y  a n a l y s i s  o f  t h e  
sam ples in d ic a te d  t h a t  sam pling  sh o u ld  be  c o n tin u e d .
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4 .2 .2 .3  T rea tm en t o f  th e  Sam ples
T r e a tm e n t  o f  b lo o d  s a m p le s  w as a s  d e s c r i b e d  i n  S e c t io n
2.2.2.4. A ll  sam p les w ere w rapped w ith  a lum in ium  f o i l  and deep  
f ro z e n  a t  -20°C  u n t i l  a n a ly se d .
4 .3  B ind ing  o f  C lo s a n te l  t o  P lasm a P ro te in s
The e x t e n t  o f  b in d in g  o f  c l o s a n t e l  t o  p la s m a  p r o t e i n s  w as 
d e te r m in e d  i n  v i t r o  u s in g  a n  u l t r a  f r e e  d ru g  f i l t e r  (A m icon 
c e n t r ic o n  m ic r o c e n t r a to r ) (F ig . 2 . 1 . 2 ) .
D ru g -fre e  p lasm a c o n ta in in g  10 and 20 pg.m l c l o s a n t e l  was 
i n t r o d u c e d  i n t o  t h e  f i l t e r  t o  w h ic h  a  r e s e r v o i r  c a p  w as 
co n n ec ted . The f i l t e r  was th e n  c e n t r i f u g e d  u s in g  a  f ix e d  A ngle 
(MSE) c e n t r i f u g e  a t  5000 x  g f o r  tw o h o u rs . The c o n c e n tr a t io n  o f  
t h e  f r e e  c l o s a n t e l  i n  t h e  f i l t r a t e s  w as d e te r m in e d  by  a  h ig h  
p e r fo rm a n c e  l i q u i d  c h ro m a to g ra p h y  a s  d e s c r i b e d  i n  C h a p te r  2 , 
S e c t i o n  2.2.1 an d  t h e  p e r c e n t a g e  b o u n d  w as  c a l c u l a t e d  a s  
d e s c r i b e d  i n  C h a p te r  1, S e c t io n  1.4.1.
4.4. D e te rm in a tio n  o f  C lo s a n te l  in  B ile  and T issu e
R esid u es  o f  c lo s a n te l  w ere d e te rm in e d  in  b i l e  and t i s s u e s  o f
t h r e e  s h e e p  d o s e d  o r a l l y  w i t h  c l o s a n t e l  i n  a n  e x p e r i m e n t a l
—1p re p a r a t io n  (10% w /v) a t  a  d ose  r a t e  o f  7 .5  mg.kg .
The s h e e p  w e re  s l a u g h t e r e d  1 , 7 an d  28 d a y s  a f t e r  t h e  
a d m i n i s t r a t i o n .  T a b l e  2 .4 .3  s h o w s  t h e  d o s e  o f  c l o s a n t e l  
a d m in is te re d  t o  each  sheep .
B efo re  s la u g h te r  b lo o d  sam p les w ere draw n from  th e  a n im a ls  
and th e  plasm a was s e p a ra te d  and deep  f ro z e n  u n t i l  a n a ly se d .
B i l e  an d  p i e c e s  o f  l i v e r  an d  g l u t e a l  m u s c le  w e re  t a k e n  a t  
s la u g h te r  and k e p t a t  -20°C  u n t i l  a n a ly se d .
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4.4.1 Materials and Methods
An H plc m ethod was u sed  f o r  th e  d e te rm in a t io n  o f  c lo s a n te l  
i n  b i l e ,  l i v e r  an d  m u s c le  a s  d e s c r i b e d  i n  C h a p te r  2 , S e c t io n
2 .4 .3 . D u p l i c a t e  s a m p le s  w e re  ta k e n  th r o u g h  t h e  e x t r a c t i o n  
p r o c e d u r e  an d  e a c h  s a m p le  w as a n a ly s e d  f o r  t h e  am o u n t o f  
c l o s a n t e l  p r e s e n t .  B la n k  b i l e ,  l i v e r  an d  m u s c le  w as c a r r i e d
th ro u g h  th e  e x t r a c t io n  p ro ced u re . The m ethod was rep ro d u c tib le ,
—1 - 1a c c u ra te  and s e n s i t i v e  t o  0 . 1 0  pg .m l and 0 . 1 0  pg .g  and i t  was
c o n v e n ie n t  f o r  r a p i d  r o u t i n e  d e t e r m i n a t i o n .  T a b le  2 .4 .4  show s 
r e c o v e r ie s  o f  c l o s a n t e l  in  b i l e  and t i s s u e s .  P lasm a sam p les  w ere 
a n a ly se d  a s  d e s c r ib e d  in  C h ap te r 2 S e c t io n  2.2.1.
TABLE 2 . 4 . 1
PERCENTAGE RECOVERIES OF CLOSANTEL IN SHEEP PLASMA
C lo s a n te l  added 
t o  b la n k  plasm a
<pg>
C lo s a n te l  m easured
(jjg)
Mean + S.E.M .
R a tio  Assayed 
t o  added
2 1 . 6 1 .7 1 . 6 1 . 6 + 0 . 1 0 0.80
5 3 .7 3 .8 4 .0 3 .8 + 0 . 1 0 0.76
1 0 7 .8 9 .0 8 . 6 8 .5 + 0 .30 0 .8 5
14 1 1 . 8 1 0 .5 1 1 . 0 1 1 . 0 + 0 .30 0 .7 9
2 0 17 .0 17 .8 16 .8 17.0 + 0 .30 0 .8 5
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TABLE 2 . 4 . 2
THE DOSE OF CLOSANTEL ADMINISTERED CRALLY TO 




Dose r a t e  
(mg.kg- 1 )
Volume
a d m in is te re d
(ml)
818 41 7 .5 2 .05
598 38 7 .5 1 .90
435 41 7 .5 2 .05
XNT 31 7 .5 1 .55
430 39 7 .5 1 .95
TABLE 2 . 4 . 3








Days from  
a d m in is t r a t io n  
t o  s la u g h te r
106 64 7 .5 V.80 1
105 62 7 .5 4 .65 7
1 1 1 60 7 .5 4 .50 28
1 9 3
TABLE 2 . 4 . 4
RECOVERIES OF CLOSANTEL IN BILE, LIVER AND MUSCLE
Amount d ru g  
added (pg)
Amount d rug  
m easured (pg)
R a t io  o f  A ssayed 
t o  Added
l i v e r  and m uscle
0 . 2 n  = 1 0 0 . 2 1 . 0 0
0 .5 0 .4 0 .80
0 . 8 0 .7 0 . 8 8
1 . 0 0 .9 0 .90
2 . 0 1 .9 0 .95
B ile
0 .4 n = 5 0 .3 0 .75
0 . 6 0 .5 0 .83
1 . 0 0 . 8 0 .80
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4 .5 .1  D e te rm in a tio n  o f  C lo s a n te l  in  P lasm a
The m ean p la s m a  c o n c e n t r a t i o n / t i m e  p r o f i l e  o f  c l o s a n t e l  
o b t a in e d  a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  i s  r e p r e s e n t e d  i n  
F ig .  2 .2 .2 . T a b le  2 .4 .5 . p r e s e n t s  p la sm a  c o n c e n t r a t i o n s  o f  
c l o s a n te l  in  each  sheep  and th e  mean c o n c e n tra t io n  _+ S.E.M.
The i n d i v i d u a l  an d  t h e  m ean  p l a s m a  c o n c e n t r a t i o n  o f  
c lo s a n te l  e x p re s se d  a s  a  fu n c t io n  o f  t im e  was m o delled  u s in g  an  
i t e r a t i v e  l e a s t  s q u a r e  m e th o d  (Sedm an an d  W agner 1 9 7 6 ). The 
d a ta  was found to  be w e ll  f i t t e d  by a  t r i - e x p o n e n t i a l  te rm . The 
r e c ip r o c a l  o f  th e  o b serv ed  p lasm a c o n c e n tr a t io n  was a p p l ie d  a s  a  
w e ig h t in g  f a c t o r  an d  a n  im p ro v e m e n t i n  t h e  g o o d n e s s  o f  f i t  w as 
d e s c r i b e d  by  a  t r i - e x p o n e n t i a l  m o d e l r a t h e r  th a n  by  a  b i ­
e x p o n e n t i a l  m o d e l (T able 2 .4.6).
A f t e r  o r a l  a d m i n i s t r a t i o n  o f  c l o s a n t e l ,  t h e  d ru g  w as 
ab so rb ed  t o  o b ta in  a  maximum c o n c e n tr a t io n  o f  45 pg .m l a t  tw o  
d a y s  p o s t  a d m i n i s t r a t i o n ,  t h e r e a f t e r  t h e  p la sm a  c o n c e n t r a t i o n  
d e c l i n e d  t r i e x p o n e n t i a l l y  t o  a  m ean o f  0 .9  p g .m l a t  91 d a y s  
a f t e r  d o s in g .
In d iv id u a l  v a lu e s  o f  AUC and h a l f  l i f e  in  th e  " d i s t r i b u t i o n 11 
an d  " e l i m i n a t i o n "  p h a s e s  w e r e  o b t a i n e d  b y  c o m p u t in g  t h e  
e x p e r i m e n t a l  d a t a  (T a b le  2 .4 .7 ) . A m ean e l i m i n a t i o n  h a l f  l i f e  
( t  1 /2  7 )  a n d  AUC w e re  fo u n d  t o  b e  14.5  _+ 2.3  d a y s  an d  1035 .4  
+_ 212 .4  jag.ml .d ay  r e s p e c t iv e ly .
4 .5 .2  B ind ing  o f  C lo s a n te l  t o  Plasm a P r o te in s
C l o s a n t e l  ( m o le c u la r  w e ig h t  663 .07 ) w as n o t  d e t e c t e d  i n  
u l t r a f i l t r a t e s  o f  p lasm a c o n t a in in g  d i f f e r e n t  c o n c e n t r a t i o n s ^
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th e  d rug . S in c e  th e  h ig h e s t  c o n c e n tr a t io n  o f  c lo s a n te l  u sed  was 
_ <|
2 0  p g .m l  a n d  t h e  l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  i s
0 .10  pg.m l th e r e f o r e  u s in g  th e  e q u a t io n  d e s c r ib e d  i n  C h ap te r 1
S e c t io n  1.4.1 i t  w o u ld  a p p e a r  t h a t  c l o s a n t e l  bound  > 99% t o  
p lasm a p r o te in .
4 .5 .3  D e te rm in a tio n  o f  C lo s a n te l  in  B i le  and T is s u e s
The c o n c e n tra t io n s  o f  c l o s a n t e l  i n  sheep  p la sm a, b i l e ,  l i v e r  
an d  m u s c le ,  s l a u g h t e r e d  a t  d i f f e r e n t  t i m e s  a f t e r  t h e  o r a l
-j
a d m i n i s t r a t i o n  o f  c l o s a n t e l  a t  a  d o s e  r a t e  o f  7.5 m g.kg o f  
bodyw eigh t i s  shown in  T ab le  2.4.8.
The c o n c e n tra t io n s  o f  c lo s a n te l  w ere c o n s id e ra b ly  h ig h e r  in  
th e  p la sm a, l i v e r  and m uscle  sam p les o f  sheep  s la u g h te re d  seven  
d a y s  a f t e r  a d m i n i s t r a t i o n  th a n  th o s e  o b ta in e d  i n  t h e  s h e e p  
s la u g h te re d  one day a f t e r  d o s in g .
C lo s a n te l  was d e te c te d  in  p la sm a, l i v e r  and m uscle  sam p les  
28 d a y s  p o s t - a d m i n i s t r a t i o n  w h i le  i n  b i l e ,  c l o s a n t e l  w as n o t  
d e t e c t e d  a t  t h a t  t i m e  a t  t h e  l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  
( 0 . 1 0  pg .m l- **) .
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TABLE 2 . 4 . 5
PLASMA CDNCENDRATIONS (p g .m l”1 ) OF CLOSANTEL AFTER
ADMINISTRATION OF AN ORAL SUSPENSION (15% W/V) AT A DOSE RATE





435 598 430 Mean ±  s .E.M.
B a s e l in e 0 0 0 0 0
1 48 .2 40 .0 35 .3 64 .0 34 .0 44 .3 +_ 5 .5
2 39 .0 42 .0 46 .0 60 .0 37 .0 45 .0 j- 4 .0
3 43 .0 36 .0 49 .0 45 .0 33 .0 41 .2 +_ 3 .0
6 4 3 .0 35 .0 33 .0 47 .0 31 .0 38 .0 3 .0
8 36 .0 33 .0 2 7 .0 - 24 .0 30 .0 _+ 2 .5
1 0 3 5 .0 31 .0 24 .0 35 .0 2 1 . 0 29 .0 _+ 2 . 8
14 29 .0 24 .0 19 .0 36 .0 15 .0 25 .0 _+ 3 .7
17 25 .0 23 .0 13.0 33 .0 1 1 . 0 2 1 . 0 _+ 4 .0
2 1 2 1 . 0 18.0 1 1 . 0 28 .0 1 2 . 0 18 .0 _+ 3 .0
24 18 .0 17 .0 8 . 0 24 .0 9 .0 15 .2 +_ 3 .0
28 15 .0 1 2 . 0 5 .0 2 2 . 0 6 . 0 1 2 . 0 3 .0
31 14 .0 1 2 . 0 4 .0 2 1 . 0 5 .0 1 1 . 2 + 3 .0
35 14 .0 1 0 . 0 2 . 0 18 .0 4 .0 9 .6 _+ 3 .0
49 8 . 0 5 .0 0 .4 13 .0 1 .7 5 .6 _+ 2 .3
70 4 .0 2 . 0 0 . 2 5 .0 0 . 2 2 .3 +_ 1 . 0
91 1 .4 0 .5 0 . 2 2 . 6 0 . 0 0 .9 _+ 0 .5
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TABLE 2 . 4 . 6
A COMPARISON OF THE COMPUTER GENERATED VALUES OF R-SQUARE 
BETWEEN TNG AND THREE COMPARTMENT MXEL FOLLOWING 
ORAL ADMINISTRATION OF CLOSANTEL.
Animal
number












TABLE 2 . 4 . 7 .
VALUES OF HALF LIFE IN  "ABSORPTION", "DISTRIBUTION" AND 
"ELIMINATION" PHASE (DAYS) AND AREA UNDER PLASMA OONCEOTRATION 
TIME CURVE (ADC p g .m l- 1 . d ay s) OF CLOSANTEL DETERMINED BY A 
TRIEXPONENTIAL MODEL IN SHEEP AFTER ORAL 
ADMINISTRATION OF 7 .5  m g.kg- 1 .
Animal No. t  1 / 2  ( a )  
day
t  1 / 2  ( /?)
day




pg .m l .d a y s
430. 0 .30 4 .60 9 .30 571.80
435 0 .60 4 .0 0 10.50 630.00
598 0 . 2 0 1 .60 20 .70 1704.00
818 0 .1 3 6 .80 18.80 1285.00
XNT 0 . 2 0 7 .00 13.00 986.00
Mean 0 .30 4 .80 14.50 1035.40
+ S.E.M . + 0 .08 + 1 . 0 0 + 2 .30 + 212.40
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TABLE 2 . 4 . 8
OONCEtWRAIIGNS (p g .m l-1  o r  p g .g - 1 ) OF CLOSANTEL IN
SHEEP PLASMA, BILE, LIVER AND MUSCLE AFTER ADMINISTRATION CF
CLOSANTEL AT A DOSE RATE OF 7 .5  m g.kg- ^.
C o n c e n tra tio n  o f  
Sheep Time from  c l o s a n te l
No. d o s in g  t o  p g .m l-  p g .g
s la u g h te r
(days) Plasm a B ile L iv e r M uscle
106 1 28 .3 0 .7 1 .7 * 0 .7 *
105 7 35 .7 0 .5 2 .3 * 1 . 0 *
1 1 1 28 18 ND 1 . 2 * 0 .4 *
* Each v a lu e  r e p r e s e n ts  th e  mean o f  2 .
ND None d e te c te d .
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4.6 Discussion
C lo s a n te l ,  l i k e  th e  o th e r  s a l i c y l a n i l i d e s ,  was found t o  be 
h i g h l y  bound  t o  p la s m a  p r o t e i n s  (> 99%). The h ig h  e f f i c a c y  o f  
m any s a l i c y l a n i l i d e s  an d  s u b s t i t u t e d  p h e n o ls  a g a i n s t  b lo o d  
s u c k in g  p a r a s i t e s  su c h  a s  fh_ c o n t o r t u s  an d  hookw orm  may b e  
r e l a t e d  t o  t h e i r  a tta c h m e n t t o  p lasm a p r o te in .  They p ro b a b ly  a r e  
r e le a s e d  to  k i l l  th e  p a r a s i t e  a f t e r  in g e s t io n  o f  th e  b lo o d . F o r 
e x a m p le , i n  a n  e f f i c a c y  s tu d y ,  a  s i n g l e  a d m i n i s t r a t i o n  o f  
c l o s a n t e l  h ad  s u f f i c i e n t  r e s i d u a l  e f f e c t  t o  p r e v e n t  t h e  
d e v e lo p m e n t o f  i n f e c t i v e  D e rm a to b ia  h o m in is  l a r v a e  i n  c a l v e s  
d u r in g  a  p e r io d  o f  t h r e e  w eek s (C h a ia  e t  a l  1981) an d  o f  
H. c o n t o r t u s  up  t o  60 d a y s  a f t e r  a d m i n i s t r a t i o n  i n  s h e e p  ( H a l l  
e t  ad. 19 8 1 ). D is o p h e n o l ,  w h ic h  i s  a  f a s c i o l i c i d e  u s e d  i n  
r u m in a n t s ,  h a s  b e e n  show n t o  h a v e  a  p r o lo n g e d  p e r i o d  o f  
p r o t e c t i o n  a g a i n s t  t h e  e s t a b l i s h m e n t  o f  a d u l t  c o n t o r t u s  i n  
s h e e p  w h i le  t h e  d ru g  h ad  no  a p p a r e n t  e f f e c t  on  t h e  e a r l y  f o u r t h  
s t a g e  l a r v a e  i n  a r r e s t e d  d e v e lo p m e n t a s  th o s e  s t a g e s  a r e  n o t  
b lo o d  su c k e rs  (Gordon 1974; S i n c l a i r  and P r ic h a rd  1975).
F o llo w in g  th e  o r a l  a d m in is t r a t io n ,  th e  r a t e  o f  a b s o rp t io n  o f  
c l o s a n t e l  w a s  r e l a t i v e l y  s lo w  a n d  t h e  m axim um  p l a s m a  
c o n c e n t r a t i o n  o c c u r r e d  w i t h i n  1 - 2  d a y s  a f t e r  d o s i n g  
( F ig .2 .2 .2 ) .  T h is  s lo w  a b s o r p t i o n  o f  d r u g s  seem s t o  b e  a  
c h a r a c t e r i s t i c  f e a tu r e  in  ru m in a n ts  w hich  i s  due t o  m ix in g  o f  th e  
d ru g  w ith  th e  la r g e  ru m in a l c o n te n t  and th e n  p ro g re s s iv e  d e l iv e r y  
o f  th e  d ru g  t o  th e  a b s o rp tio n  s i t e s  i n  th e  g a s t r o i n t e s t i n a l  t r a c t  
d i s t a l  t o  t h e  ru m en . The lo w  s o l u b i l i t y  o f  c l o s a n t e l  i n  t h e  
aqueous p hase  p ro b ab ly  a l s o  c o n t r i b u t e s  t o  t h e  s lo w  a b s o r p t i o n
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p h a se .
On th e  b a s i s  o f  th e  d a ta  p re s e n te d  (T able 2.4.7) a  tw o  p hase  
e l im in a t io n  c o u ld  be d is t in g u is h e d .  A r e l a t i v e l y  r a p id  i n i t i a l  
p h ase  ( t  1 /2  (/3) = 4.8 _+ 1.0 days) and a  s lo w e r  te rm in a l  p hase  
( t  1 /2  ( 7 )  = 14 .5  + 2.3 d a y s ) .
The r a p i d  e l i m i n a t i o n  p h a s e  i s  u s u a l l y  c o n s id e r e d  a s  a  
" d i s t r i b u t io n 11 p h ase  w here d ru g  i s  e q u i l ib r a t e d  w ith  t i s s u e s  a s  
w e l l  a s  b e in g  m e ta b o l i s e d  an d  e x c r e t e d .  The t e r m i n a l  p h a s e  i s  
e q u iv a le n t  t o  th e  r a t e  o f  m e tab o lism  and e x c re t io n .  N e v e r th e le s s  
i n  t h e  c a s e  o f  c l o s a n t e l  i t  w o u ld  b e  s u r p r i s i n g  i f  t h e  
" d i s t r i b u t i o n "  p h a s e  t a k e s  su c h  a  lo n g  t im e  t o  o c c u r  s i n c e ,  f o r  
m ost d ru g s , t h i s  p h ase  l a s t s  o n ly  a  few  m in u te s  t o  h o u rs .
I t  i s  p o s s ib le  t o  c o n s id e r  t h a t  i n i t i a l l y  a f t e r  a b s o rp t io n  
b in d in g  t o  p lasm a p r o te in  i s  l e s s  s t ro n g  (p o s s ib ly  io n ic  bonding) 
and t h a t  th e  i n i t i a l  p hase  i s  due t o  d i s t r i b u t i o n  o f  th e  r a p id ly  
d i s s o c ia te d  f r e e  d rug  from  b lo o d  to  th e  p e r ip h e r a l  com partm en t 
an d  t h e  s lo w e r  p h a s e  d u e  t o  u t i l i s a t i o n  an d  d e s t r u c t i o n  o f  t h e  
p la sm a p r o te in  a lo n g  w ith  s t r o n g ly  a s s o c ia te d  d ru g s . A lso  o th e r  
e v i d e n c e  a g a i n s t  t h e  i n i t i a l  e l i m i n a t i o n  p h a s e  b e i n g  a 
" d i s t r i b u t i o n "  p h a s e  i s  f ro m  t h e  low  v a l u e  o f  d i s t r i b u t i o n  o f  
c l o s a n t e l  Vd ( a r e a )  = 155 .4  m l.k g  w h ic h  i n d i c a t e s  t h a t  o n ly  a 
s m a l l  p r o p o r t i o n  o f  c l o s a n t e l  w as d i s t r i b u t e d  to  e x t r a v a s c u la r  
t i s s u e s .  T h i s  f i n d i n g  i s  f u r t h e r  s u p p o r t e d  b y  t h e  lo w  
c o n c e n t r a t i o n  o f  c l o s a n t e l  fo u n d  i n  t h e  b i l e ,  l i v e r  an d  m u s c le  
s a m p le s  (T a b le  2 .4 .8 )  o b t a i n e d  f ro m  a n i m a l s  a t  d i f f e r e n t  
i n t e r v a l s  a f t e r  d r u g  a d m i n i s t r a t i o n ,  a l th o u g h  t h e r e  w as 
c o n s id e ra b le  a n im a l v a r i a t i o n ' .
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F u r th e r m o r e ,  t h e  lo w  l e v e l s  o f  c l o s a n t e l  i n  b i l e  co m p ared  
w i th  t h o s e  i n  p la s m a  (T a b le  2 .4 .8 )  i s  f u r t h e r  e v id e n c e  w h ic h  
c o n firm s  t h a t  in g e s t io n  o f  b lo o d  by F. h e p a t ic a  p ro v id e s  th e  m ost 
l i k e l y  pathw ay by w hich c l o s a n t e l  and m ost o th e r  s a l i c y l a n i l i d e s  
a r e  p r e s e n t e d  t o  t h e  p a r a s i t e  r a t h e r  th a n  v i a  t h e  b i l i a r y  
c o n c e n t r a t i o n .  M o reo v e r t h e  b in d in g  o f  c l o s a n t e l  t o  p la sm a  
p r o te in s  c o n s id e ra b ly  p ro lo n g s  th e  r e s id e n c e  t im e  o f  th e  d ru g  in  
t h e  b lo o d s t r e a m  r e s u l t i n g  i n  a  r e s i d u a l  e f f e c t  w h ic h  a l s o  
e x p l a i n s  t h e  p r o lo n g e d  a c t i v i t y  o f  c l o s a n t e l  a g a i n s t  b lo o d  
su ck in g  e c to -  and e n d o -p a ra s i te s .
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CHAPTER 5
PHARMACOKINETIC STUDIES OF QXYCLOZANIDE IN SHEKP
5 . P h a rm ac o k in e tic  s tu d ie s  o f  o x y c lo zan id e  i n  sheep
5.1 I n t r o d u c t io n
5 .1 .1  E f f ic a c y
A number o f  d ru g s  have been  a v a i l a b l e  f o r  th e  t r e a tm e n t  o f  
f a s c i o l i a s i s  in  c a t t l e  and sheep  s in c e  th e  1920s. The d ru g s  w ere 
m o s t l y  c h l o r i n a t e d  h y d r o c a r b o n s  ( c a r b o n  t e t r a c h l o r i d e ,  
h ex a c h lo ro e th a n e ) and th e y  have p roved  t o  be e f f ic a c io u s  a g a in s t  
a d u l t  f lu k e s  in  th e  b i l e  d u c t  (Cawdery 1972; Cawdery and D onnelly  
1972) b u t  th e y  a r e  a l l  l i a b l e  t o  p ro d u c e  u n p r e d i c t a b l e  t o x i c  
e f f e c t s  w i th  o c c a s i o n a l  d e a t h s  an d  r e q u i r e  c e r t a in  p r e c a u t io n s  
d u r in g  t h e i r  u s e  (K e n d a ll  an d  P a r f i t t  1962 ; B o ray  e t  a l  1 967 ; 
B oray and H appich 1968).
In  1966 Im p e r ia l  C hem ical I n d u s t r i e s  d is c o v e re d  a  new d ru g  
o x y c lo z a n id e ,  w h ic h , a l th o u g h  i t s  c h e m ic a l  s t r u c t u r e  h a s  
s i m i l a r i t i e s  t o  th e  c h lo r in a te d  h y d ro ca rb o n s , i t  b e lo n g s  t o  th e  
g roup  o f  s a l i c y l a n i l i d e s ,  a  s t r u c t u r a l  g ro u p in g  w hich a p p e a rs  t o  
p o s s e s s  s p e c i f i c  f l u k i c i d a l  a c t i v i t y  ( s e e  r a f o x a n i d e  an d  
c l o s a n t e l ) .
O xyclozan ide (Z an il)  i s  a  w h ite  c r y s t a l l i n e  s o l id  s u b s ta n c e  
w i t h  t h e  c h e m i c a l  n am e  o f  3 , 3', 5 ,5 ',  6 - p e n t a - c h l o r o - 2 -  
h y d r o x y s a l i c y l a n i l i d e .  The c h e m ic a l  f o r m u la  i s  show n i n  
F ig u re  2 .5 .1 .
I t  i s  v i r t u a l l y  in s o lu b le  in  w a te r  b u t  m o d e ra te ly  s o lu b le  in  
th e  common o rg a n ic  s o lv e n ts .  O x y c lo z a n id e  i s  f o r m u l a t e d  a s  a n  
a q u e o u s  s u s p e n s io n  o f  1 0  ja p a r t i c l e  s i z e  f o r  o r a l  t r e a t m e n t  o f  
s h e e p  an d  c a t t l e  a t  a  t h e r a p e u t i c  d o s e  r a t e  o f  15 an d  1 0 -  
15 m g.kg r e s p e c t iv e ly .
_ - i
A t th e  recommended do se  r a t e  (15 mg.kg ) o x y c lo z a n id e  was
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found to  be > 95% e f f e c t i v e  a g a in s t  a d u l t  F a s c io la  h e p a t ic a  and 
F a s c io la  g ig a n t ic a  in  sh eep , g o a ts  and c a t t l e  (W alley 1966; 1970; 
B o ray  e t  a l  1967 ; B o ray  an d  H a p p ic h  1968 ; F ro y d  1 969 ; H arrow  
1969 ; C o t t e l e e r  an d  F a m e re e  1971 ; C a m p b e ll an d  N a r e l l e  1972 ; 
Kadhim e t  a l  1973; F o re y t and  Todd 1973).
The a c t i v i t y  o f  o x y c lo z a n id e  a g a i n s t  a d u l t  l i v e r  f l u k e  i s  
a p p r o x im a te ly  e q u a l  t o  t h a t  o f  t h e  p r e v i o u s l y  i n t r o d u c e d  
f a s c i o l i c i d e  c a r b o n  t e t r a c h l o r i d e ,  h e x a c h l o r o e t h a n e  an d  
h exach lo ro p h en e  b u t  i t s  th e r a p e u t i c  s a f e ty  m arg in  ex ceed s t h a t  o f  
th e  o th e r  d ru g s  (Boray e t  a l  1967; Boray and H appich 1968; Armour 
1983).
L ik e  t h e  o t h e r  h a lo g e n a te d  hyd rocarb o n s and s a l i c y l a n i l i d e  
f a s c i o l i c i d e s ,  e f f i c a c y  o f  o x y c lo z a n id e  a g a i n s t  t h e  f l u k e s  
in c re a s e s  w ith  in c re a s in g  age  o f  th e  f lu k e s .  A lthough , i n  v i t r o , 
e x p e r i m e n t s  s h o w e d  t h a t  b o t h  a d u l t  a n d  im m a t u r e  f l u k e ,  
in v e s t ig a te d  u n d er th e  same c o n d i t io n s ,  w ere s u s c e p t ib le  t o  th e  
a c t i o n  o f  o x y c lo z a n id e ,  i n  v iv o  t h e  d o s e  r a t e s  h a d  t o  b e  
in c re a s e d  a p p ro x im a te ly  t o  i t s  maximum t o l e r a t e d  d o se  to  a c h ie v e  
h ig h  a c t i v i t y  a g a i n s t  im m a tu re  f l u k e s  (Broom e an d  J o n e s  1 9 6 6 ; 
B o ray  e t  a l  1967 ; B o ray  a n d  H a p p ic h  1 9 6 8 ). T h is  r e s i s t a n c e  o f  
t h e  im m a tu re  f l u k e  t o  o x y c lo z a n id e  w as th o u g h t  t o  b e  d u e  t o  
p r o t e i n  b in d in g  o f  t h e  com pound i n  b lo o d  w h ic h  b a t h e s  t h e  
im m atu re  f lu k e s  in  th e  l i v e r  parenchym a (Broome and Jo n e s  1966).
5 .1 .2  Mode o f  a c t io n
I t  i s  w e l l  k n o w n  t h a t  t h e  s u b s t i t u t e d  p h e n o l s  a n d  
s a l i c y l a n i l i d e s  a r e  p o t e n t  u n c o u p l e r s  o f  o x i d a t i v e  
p h o s p h o r y l a t i o n  ( W il l ia m s o n  an d  M e tc a l f  1967) an d  sym p to m s o f
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u n c o u p l in g  o f  t h e  h o s t  m e ta b o l is m  h a v e  b e e n  show n f o r  s e v e r a l  
f a s c i o l i c i d e s  (Van m ie r t  and G roeneveld  1969; M etzger and Duwel 
1973; Duwel and M etzger 1973; D ruckrey  and M etzger 1973; Van den 
B ossche 1976). T h is  i s  th e  re a so n  f o r  u s in g  th e  n i t ro p h e n o ls  a s  
a n t i - o b e s i t y  d ru g s  in  man.
O x y c l o z a n i d e  h a s  b e e n  sh o w n  t o  u n c o u p l e  r a t  l i v e r  
m i to c h o n d r i a  an d  s t i m u l a t e  o x y g en  u p ta k e  by  t h e  i n t a c t  f l u k e  
( C o r b e t t  an d  G oose 1 9 7 1 a ,b )  i n  i s o l a t e d  H y m e n o le p is  d im in u ta  
m i to c h o n d r i a  (Y orke an d  T u r to n  1 9 7 4 ). Such  a c t i v i t i e s  a r e  
c o n s i d e r e d  t o  b e  d u e  t o  t h e  u n c o u p l i n g  o f  o x i d a t i v e  
p h o s p h o ry la t io n .
S u c c in a te  dehydrogenase  com plex in  l i v e r  f lu k e  h a s  a l s o  been  
i d e n t i f i e d  a s  a  p o s s ib le  s i t e  o f  a c t io n  o f  o x y c lo zan id e . W ith in  
a  few  h o u r s  o x y c lo z a n id e  i n h i b i t e d  s u c c i n i c  d e h y d ro g e n a s e ,  
d e c re a se d  ATP and in c re a s e d  p y ru v a te  c o n c e n tra t io n  o f  l i v e r  f lu k e  
(M e tz g e r  an d  D uw el 1 9 7 3 ). S i m i l a r  r e s u l t s  w e re  o b s e r v e d  by  
S c h a c h t  et_ a J  (1 9 7 1 )  f r o m  t h e  a p p l i c a t i o n  o f  a n o t h e r  
s a l i c y l a n i l i d e ,  r e s o r a n te l  (4 -b ro m o -2 ,6 -d ih y d ro x y -b e n z a n ilid e )  i n  
H ym enolepis d im in u ta .
A l l  o f  t h e s e  a c t i v i t i e s  a r e  s e c o n d a ry  c o n s e q u e n c e s  o f  
u n co u p lin g  o f  o x id a t iv e  p h o s p h o ry la t io n .
5 .1 .3  S a fe ty  t o  h o s t
F o r  c u r a t i v e  t r e a t m e n t  o f  a d u l t  F^ h e p a t i c a  i n f e c t i o n s ,  
e s p e c i a l l y  i n  c a t t l e ,  o x y c lo z a n id e  h a s  p ro v e d  t o  b e  s u c c e s s f u l  
and w ith  a  re a s o n a b le  s a f e ty  in d ex  a t  th e  lo w e s t dose  r a t e s  w hich  
a r e  h ig h l y  e f f e c t i v e  a g a i n s t  f l u k e s  i n  t h e  b i l e  d u c t  (W a lle y  
1966 ; 1970 ; J o n e s  1966 ; K e ls e y  1966 ; V aughan 1966 ; B o ra y  e t  a l  
1967; Boray and H appich 1968; F royd 1969; O akley e t  a l  1984 ).
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I n  r a t s  t h e  o r a l  LD^q i s  1000 m g.kg (Broom e an d  J o n e s  
1966). In  sheep  Boray and H appich (1968) and W alley  (1970) found 
a  s a f e t y  in d e x  o f  4. I n  c a t t l e  t h e  d ru g  w as show n t o  b e  s a f e  i n  
d o se s  up t o  30 mg.kg o f  bodyw eigh t (Boray e t  a l  1967, B oray and 
H appich 1 9 68 ).
S h e e p , g o a t s  an d  c a t t l e  t o l e r a t e d  s i n g l e  an d  r e p e a t e d
-i
a d m i n i s t r a t i o n s  o f  o x y c lo z a n id e  a t  1 0 -2 0  m g.kg ( J o n e s  1966 ; 
Vaughan 1966; W alley  1966; 1970; O 'B rien  1970).
P reg n an t ew es and cows t r e a t e d  a t  d o ses  up t o  20 mg.kg , on 
o n e  o r  many o c c a s i o n s ,  show ed  no  a d v e r s e  e f f e c t  d u r i n g  t h e  
g e s ta t io n  p e r io d  and a l l  gave b i r t h  t o  no rm al o f f s p r in g  (Vaughan 
1966; W alley  1970). L a c ta t in g  ew es d o sed , when t h e i r  lam bs w ere 
1 - 1 0  w eek s o l d ,  w i th  o x y c lo z a n id e  a t  15 m g.kg show ed  no  
r e d u c t i o n  i n  m i lk  y i e l d  o r  i n  l i v e w e i g h t  g a in  o f  t h e i r  la m b s  
(W alley  1970). M ilk in g  cows r e c e iv in g  th e  th e r a p e u t i c  d o se  r a t e  
o f  15 mg.kg showed te m p o ra ry  r e d u c t io n  in  m ilk  y i e l d  by 3-18% 
o v e r  48 h o u r s .  The m i lk  y i e l d  r e t u r n e d  t o  n o rm a l by  t h e  t h i r d  
day a f t e r  t r e a tm e n t .
B u lls  t r e a t e d  a t  15 mg.kg showed s l i g h t  te m p o ra ry  l o s s  o f
o u t
l i b id o ;  sperm  s tu d ie s  c a r r i e d ^ a t  24 h o u rs , 72 h o u rs  and tw o w eeks 
a f t e r  t r e a tm e n t  showed no a p p a re n t change.
T o x i c i t y  s i g n s  a p p e a re d  i n  s h e e p  an d  c a t t l e  w h ic h  h ad  
r e c e iv e d  30-40 mg.kg o f  o x y c lo zan id e . The to x ic  symptoms w ere  
s o f t e n i n g  o f  t h e  f a e c e s ,  i n c r e a s e d  f r e q u e n c y  o f  d e f e c a t i o n ,  
s l i g h t  d e p r e s s i o n  an d  in a p p e te n c e .  A t 60 m g.kg“  ^ t h e  t o x i c  
e f f e c t s  in c re a s e d  p ro g re s s iv e ly  and d e a th s  o c c u rre d  up t o  e i g h t  
days a f t e r  t r e a tm e n t  (Boray e t  a l  1967; Boray and H appich 1968).
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P o s t-m o r te m  e x a m in a t io n  show ed  in f l a m m a t io n  o f  i n t e s t i n e  
e s p e c i a l l y  duodenum, th e  c o n te n ts  o f  th e  rum en and r e t ic u lu m  w ere 
v e r y  f l u i d ,  an d  som e p e t e c h i a l  h a e m o r rh a g e s  i n  t h e  t r a c h e a  an d  
endocard ium .
T rea tm e n t o f  sheep , g o a ts  and c a t t l e  w ith  a  co m b in a tio n  o f  
o x y c lo z a n id e  and o th e r  c h e m o th e ra p e u tic  a g e n ts  (su lp h a m e z a th in e , 
organophosphqt-es, o x ib e n d azo le  and te t r a m is o le )  showed no a d v e rs e  
t o x i c i t y  (W alley 1970).
The a b o v e  f i n d i n g s  i n d i c a t e  t h a t  o x c y lo z a n id e  i s  a  w e l l  
t o l e r a t e d  and e f f i c i e n t  t r e a tm e n t f o r  c a t t l e  and sh eep .
5 .1 .5  P h a rm ac o k in e tic s
L i t t l e  a t t e n t i o n  h a s  b e e n  g iv e n  t o  t h e  p h a r m a c o k in e t i c  
b e h a v io u r  o f  m o s t f a s c i o l i c i d a l  d ru g s  w h i le  e x t e n s i v e  s t u d i e s  
h a v e  b e e n  c a r r i e d  o u t  on  t h e i r  a c t i v i t y  a g a i n s t  a d u l t  and  
im m a tu re  f l u k e s  an d  c o n c e r n in g  t h e i r  t o x i c i t y .  S in c e  t h e  
in t r o d u c t io n  o f  o x y c lo zan id e  th e r e  h a s  been  no p u b lish e d  d a ta  on 
th e  k i n e t i c s  o f  o x y c lo zan id e  i n  sheep  and c a t t l e .
In  an  e f f ic a c y  s tu d y  Froyd (1969) m easured  th e  c o n c e n tr a t io n  
o f  o x y c l o z a n i d e  i n  c a t t l e  s e r u m  a t  19 h o u r s  o n l y  a f t e r  
a d m i n i s t r a t i o n  a t  a  f i x e d  d o s e  o f  10 m g.kg b o d y w e ig h t .  The 
c o n c e n tra t io n s  v a r ie d  from  8 .9 -2 4 .7  p g .m l .
A m i l k  r e s i d u e  s t u d y  i n  e w e s  sh o w e d  t h a t  f o l l o w i n g
_ -i
a d m i n i s t r a t i o n  o f  a  s i n g l e  o r a l  d o s e  o f  30 m g .k g  o f  
o x y c lo z a n id e  t o  ew es s h o r t l y  a f t e r  p a r t u r i t i o n ,  t h e  maximum 
c o n c e n tra t io n s  in  th e  ran g e  0.27 t o  1.02 pg.m l o c c u rre d  d u r in g  
th e  12 h o u rs  a f t e r  t r e a tm e n t  (O akley e t  a l  1984).
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5 . 1 . 6  O b je c tiv e
O x y c lo z a n id e  i s  o n e  o f  t h e  m a jo r  f a s c i o l i c i d e s  i n  c u r r e n t  
u s e  i n  r u m in a n ts  i n  t h e  U.K. I t  i s  o f  p a r t i c u l a r  u s e  i n  
l a c t a t i n g  cow s a s  t h e r e  a r e  no  r e s t r i c t i o n s  on  t h e  u s e  o f  m i lk  
from  cows t r e a t e d  w ith  o x y c lo z a n id e .
O xyclozan ide, whose p h a rm a c o k in e tic s  have n o t been  r e p o r te d  
e i t h e r  i n  s h e e p  o r  c a t t l e ,  p r o v id e s  a n  i n t e r e s t i n g  c o m p a r is o n  
w i t h  c l o s a n t e l  an d  r a f o x a n i d e  s i n c e  a l th o u g h  a l l  t h r e e  a r e  
s a l i c y l a n i l i d e s ,  o x y c lo z a n id e  h as  lo w e r e f f ic a c y  a g a in s t  im m atu re  
f l u k e  (B o ray  a n d  H a p p ic h  1968 ; W a lle y  1 9 7 0 ). T h e r e f o r e  t h e  
p h a rm a c o k in e tic  b e h a v io u r o f  o x y c lo z a n id e  i n  sheep  p lasm a and  th e  
d e g r e e  o f  b in d in g  o f  o x y c lo z a n id e  t o  p la sm a  p r o t e i n s  w e re  
in v e s t ig a t e d .
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5 .2  D e te rm in a tio n  o f  o x y c lo z a n id e  in  p lasm a
A s p e c t r o p h o t o m e t r i c  m e th o d  h a s  b e e n  u s e d  f o r  t h e  
d e t e r m i n a t i o n  o f  o x y c lo z a n id e  i n  p la sm a  s a m p le s  (F ro y d  19 6 9 ). 
The d is a d v a n ta g e  in  u s in g  a  p h o to m e tr ic  m ethod i s  t h a t  o f  b e in g  
n o n - s p e c i f i c  an d  f a l s e  r e s u l t s  m ig h t b e  o b t a in e d  fro m  o t h e r  
i n t e r f e r i n g  s u b s t a n c e s .  I n  t h e  m e th o d  o f  F r o y d  (1 9 6 9 )  
o x y c lo z a n id e  w as e x t r a c t e d  i n t o  c h lo ro f o r m  fro m  s t r o n g l y  
a c i d i f i e d  p la sm a  an d  b a c k  e x t r a c t e d  i n t o  b o r a t e  b u f f e r  an d  t h e  
s a m p le  r e a c t e d  w i t h  a  c o l o u r i n g  r e a g e n t  s u i t a b l e  f o r  
s p e c tro m e tr ic  d e te rm in a tio n .
O a k le y  e t  a l  (1 9 8 4 ) u s e d  a  h i g h  p e r f o r m a n c e  l i q u i d  
ch ro m a to g rap h ic  m ethod f o r  th e  d e te rm in a t io n  o f  o x y c lo z a n id e  in  
m i lk  s a m p le s .  The m e th o d  i s  b a s e d  on t h a t  d e s c r i b e d  by  F ro y d  
(1969 ).
N e ith e r  Froyd (1969) n o r  O akley e t  a l  1984 gave any e v id e n c e  
a b o u t  t h e  r e l i a b i l i t y  o f  t h e i r  m e th o d  o f  a n a l y s i s .  The m e th o d  
used  f o r  ra fo x a n id e  and c l o s a n t e l  was found to  be a p p l ic a b le  t o  
o x y c lo zan id e  and p roduced  r e l i a b l e  and s a t i s f a c t o r y  r e s u l t s  (mean 
r e c o v e r y  96 _+ 1.6%). T hus o x y c lo z a n id e  w as d e t e r m in e d  i n  t h e  
p la s m a  s a m p le s  an d  p la s m a  u l t r a f i l t r a t e s  a c c o r d in g  t o  t h e  
a n a l y t i c a l  m e th o d  u s e d  f o r  t h e  d e te r m in a t io n  o f  ra fo x a n id e  and 
c l o s a n t e l  i n  p l a s m a  s a m p l e s  a s  d e s c r i b e d  i n  C h a p t e r  2 
S e c tio n  2 .2 .1 .
5 .2 .1  M a te r ia ls  and m ethods
5 .2 .1 .1  Methods o f  a n a ly s i s
An HPLC m e th o d  w as  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  
o x y c lo z a n id e  i n  t h e  p la sm a  s a m p le s  a s  d e s c r i b e d  i n  C h a p te r  2 , 
S e c tio n  2.2.1 u s in g  d i - e t h y l  e th e r  e x t r a c t io n .
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F o r  t h e  a n a l y s i s  o f  p la s m a  o x y c lo z a n id e  s a m p le s ,  t h e  sam e 
HPLC c o n d i t i o n s  w e r e  u s e d  ( S e c t i o n  2 .2 .1 .2 )  e x c e p t  t h a t  
o x y c lo zan id e  was d e te c te d  a t  a  wave le n g th  o f  254 nm, th e  m o b ile  
p h a s e  w as M e th a n o l : Ammonium c a r b o n a te  (0.05 M) 70 : 30 and a  
f lo w  r a t e  o f  0 .5  m l .m in u te  w as u s e d  i n  o r d e r  t o  s e p a r a t e  t h e  
o x y c lo z a n id e  p e a k  fro m  t h a t  o f  t h e  s o l v e n t .  U n d er t h e s e  
c o n d i t io n s  o x y c lo z a n id e  had a  r e t e n t io n  tim e  o f  5 .5 0  m in u te s .
5 .2 .1 .2  P re p a ra t io n  o f  s ta n d a rd s  and r e c o v e r ie s
The p r e p a r a t io n  o f  s ta n d a rd  s o lu t io n s  o f  o x y c lo zan id e  was a s  
d e s c r ib e d  in  C h ap te r 2 , S e c t io n  2 .2 .1 .4 .
O x y c lo z a n id e  w as a d d e d  t o  d r u g - f r e e  p la sm a  i n  d i f f e r e n t  
c o n c e n t r a t i o n s  an d  ta k e n  th r o u g h  t h e  e x t r a c t i o n  p r o c e d u r e  
w henever an  e x t r a c t io n  was made.
C a l c u l a t i o n s  o f  p e r c e n ta g e  re c o v e ry  and th e  c o n c e n tr a t io n s  
o f  o x y c l o z a n i d e  i n  p la s m a  s a m p l e s  w e r e  a s  d e s c r i b e d  i n  
C h a p t e r  1 S e c t i o n  1 .2 .1 .4 .  T a b l e  2 .5 .1  s h o w s  p e r c e n t a g e  
r e c o v e r ie s  o f  o x y c lo zan id e  from  sp ik e d  sheep  p lasm a.
5 .2 .2  E xperim en ts w ith  o x y c lo zan id e
5 .2 .2 .1  A nim als and d ru g  a d m in is t r a t io n
F iv e  p a r a s i t e - f r e e  F in n - D o r s e t  lam b s aged be tw een  s ix  and 
e ig h t  m onths, w ere used  in  th e  e x p e rim en t. They w ere housed  in  
s t a l l s  bedded w ith  s tra w  and fe d  hay and c o n c e n tra te s .  W ater was 
a v a i la b le  ad  l ib i tu m .
The lam bs w ere dosed  o r a l l y  w ith  o x y c lo zan id e  (Z a n il D rench
f i n e  s u s p e n s io n  PML 3.4% w /v ) a t  t h e  recom m ended  d o s e  r a t e  o f
— 1 •15 m g.kg b o d y w e ig h t .  The s u s p e n s io n  w as a d m i n i s t e r e d  u s i n g
a  s y r in g e  p la c e d  on th e  back  o f  th e  la m b 's  to n g u e .
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A n im a l w e ig h t  an d  v o lu m e  o f  d ru g  a d m i n i s t e r e d  i s  show n i n  
T ab le  2 .5 .2 .
5 .2 .2 .2  Sam pling reg im en
B lo o d  s a m p le s  w e re  w ith d ra w n  by  v e n e p u n c tu r e  i n t o  1 0 m l 
h e p a r in is e d  s y r in g e s  (M onovette, S a r s te d t )  j u s t  b e fo re  d o s in g  th e  
la m b s  an d  a t  1 , 2 , 3 , 6 , 7 , 8 , 1 0 , 14 , 17 , 2 1 , 24 an d  28 d a y s  
a f t e r  d o s in g .
T he  p l a s m a  w a s  o b t a i n e d  a s  d e s c r i b e d  i n  C h a p t e r  2 , 
S e c t io n  2.2.2.4 and deep  f ro z e n  a t  -20°C  u n t i l  a n a ly se d .
5 .3  B ind ing  o f  o x y c lo zan id e  t o  p lasm a p r o te in s
In  v i t r o  b in d in g  o f  o x y c lo z a n id e  t o  s h e e p  p la s m a  p r o t e i n s  
w as t e s t e d .  O x y c lo z a n id e  w as a d d e d  i n  know n a m o u n ts  (5 an d  
10 p g .m l" ^ ) t o  d r u g - f r e e  p la s m a  an d  f i l t e r e d  th r o u g h  a n  A m icon 
m i c r o c o n c e n t r a t o r  w h ic h  h ad  a  m o le c u la r  w e ig h t c u t  o f f  10,000. 
The c o n c e n t r a t i o n s  o f  f r e e  d ru g  w e re  d e te r m in e d  i n  t h e  p la s m a  
u l t r a f i l t r a t e s  u s in g  th e  a n a l y t i c a l  m ethod d e s c r ib e d  in  C h ap te r 2 
S e c t io n  2 .2 .1 .
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TABLE 2 .5 .1
PERCENTAGE RECOVERIES OF OXYCLOZANIDE FROM SHEEP PLASMA
O xyclozan ide  added 
t o  d ru g  f r e e  
p lasm a (jag)
O xyclozan ide  m easured
(pg)
Mean _+ S.E.M .
R a t io  a ssay ed  
t o  added
0 .2 0 .2 0 .2 0 .2 0 .2 0 1 .00
0 .6 0 .5 0 .6 0 .6 0 .6 _+ 0 .0 2 1 .0 0
2 .0 1 .8 1 .9 1 .9 1 .9 _+ 0 .02 0 .9 5
10 .0 8 .5 9 .6 9 .7 9 .3 +_ 0 .30 0 .9 3
20 .0 18 .2 19 .0 18 .2 18 .5 + 0 .3 0 0 .9 3
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TABLE 2 . 5 . 2





Dose r a t e  
(mg.kg- 1 )
Volume a d m in is te re d  
(ml)
49 39 15 17.20
77 38 15 16.76
80 34 15 15.00
85 33 15 14.56
88 37 15 16.32
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5 .4  R e s u lts
5 .4 .1  D e te rm in a tio n  o f  o x y c lo z a n id e  i n  plasm a
P lasm a c o n c e n tra t io n s  o f  o x y c lo z a n id e  in  each  sh eep  and  th e  
m ean +_ S.E.M. c o n c e n t r a t i o n  a t  e a c h  s a m p le  t im e  a r e  show n i n  
T ab le  2 .5 .3 .
A maximum mean p lasm a c o n c e n tr a t io n  o f  18.0 pg.m l o c c u rre d  
a t  th e  f i r s t  sam p lin g  t im e  (24 h rs )  p o s t  a d m in is t r a t io n  fo llo w e d  
by  a  r a p i d  d e c l i n e  t o  a  m ean c o n c e n t r a t i o n  o f  3 .6  p g .m l 
w i th in  72 h o u rs  a f t e r  d o s in g . T h e re a f te r  th e  d e c l in e  was s lo w e r  
an d  o x y c lo z a n id e  w as n o t  d e t e c t e d  a t  t h e  l i m i t  o f  d e t e c t i o n  o f  
th e  m ethod (0.10 pg.m l ) 21 d a y s  p o s t  d o s in g  ( F ig u r e  2 .2 .2 ) .
F o r each  sh eep , th e  p h a rm a c o k in e tic  a n a ly s i s  o f  o x y c lo z a n id e  
p lasm a d a ta  a f t e r  o r a l  a d m in is t r a t io n  was c a lc u la te d  u s in g  th e  
CSTRIP com puter programme o f  Sedman and Wagner (1976 ).
F o r  e a c h  s h e e p  an d  f o r  t h e  m ean c o n c e n t r a t i o n s ,  a  t h r e e -  
com partm ent cu rv e  was found t o  be s u p e r io r  t o  th e  tw o -co m p artm en t 
cu rv e  f i t  when th e  com puter g e n e r a te d  p la s m a  o x y c l o z a n i d e / t i m e  
c u rv e s  w ere com pared w ith  th e  e x p e r im e n ta l d a t a .
V a lu e s  o f  a r e a  u n d e r  t h e  c u r v e  o f  p la s m a  o x y c lo z a n id e  
c o n c e n t r a t i o n  v e r u s  t i m e  (AUC) fro m  t i m e  0 t o  21 d a y s  w as 
co m p u ted  fro m  t h e  p la sm a  c o n c e n t r a t i o n / t i m e  e q u a t io n  f o r  e a c h  
a n im a l  u s in g  t h e  sam e m e th o d  (Sedm an an d  W agner 1 9 7 6 ). A m ean 
AUC o f  51 .50  _+ 8 .2 0  p g .m l- **. day was found .
A m ean e l i m i n a t i o n  h a l f  l i f e ,  b a s e d  on  t h e  s lo p e  o f  t h e  
te rm in a l  p o r t io n  o f  th e  p lasm a o x y c lo z a n id e  cu rv e  was found  t o  be  
6 .40  0.8 days. Mean and in d iv id u a l  v a lu e s  o f  p h a rm a c o k in e tic
p a ra m e te rs  a r e  shown i n  T ab le  2 .5 .4 .
2 1 8
5 .4 .2  B ind ing  o f  o x y c lo z a n id e  t o  p lasm a p r o te in s
O xyclozan ide  was n o t  d e te c te d  in  p la sm a u l t r a f i l t r a t e s  a t  th e  
l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  (0 .1 0  p g .m l -  ^ ) w h ic h  
d e m o n s t r a te s  t h e  s t r o n g  b in d in g  o f  t h e  d ru g  t o  s h e e p  p la s m a  
p r o te in  (> 99%).
TABLE 2 . 5 . 3
OONCENIRATIONS (p g .m l-1  ) OF OXYCLOZANIDE IN PLASMA AFTER ORAL





80 85 8 8 Mean + S.E.M .
Base
l i n e 0 0 0 0 0
1 18 .0 1 4 .0 2 7 .0 1 0 . 0 2 1 . 0 18.0 + 3 .00
2 1 0 . 0 6 . 0 1 6 .0 15 .0 1 0 . 0 11 .4 + 1 .80
3 3 .0 2 . 0 6 . 0 4 .0 3 .0 3 .6 + 0 .7 0
6 0 . 2 0 . 6 0 .4 0 .4 0 .4 0 .4 + 0 .0 6
7 0 . 2 0 .4 0 .4 0 .4 0 .4 0 .4 + 0 .0 4
8 0 . 1 0 .3 0 . 2 0 .3 0 . 2 0 . 2 + 0 .0 4
1 0 0 . 1 0 . 2 0 . 1 0 .3 0 . 2 0 . 2 + 0 .0 4
14 0 . 1 0 . 2 0 . 1 0 . 2 0 . 2 0 . 2 + 0 . 0 2
17 0 0 . 2 0 0 . 1 0 . 1 0 . 1 + 0 .0 4
2 1 0 0 . 1 0 0 0 0 + 0 . 0 1
24 0 0 0 0 0 0 0
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TABLE 2 . 5 . 4
PHARMACOKINETIC CONSTANTS FOR OXYCLOZANIDE IN FIVE LAMBS
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5 .5  D isc u ss io n
F o llo w in g  o r a l  a d m in is t r a t io n  o f  o x y c lo zan id e  a t  15 mg.kg- **, 
a b s o r p t i o n  a p p e a r e d  t o  b e  r e l a t i v e l y  s l o w  
[mean t  1 /2  ( OL) = 7 .0  _+ 0 .0 3  h ] .  T h is  s lo w  r a t e  o f  a b s o r p t i o n  
fro m  ru m en  i s  o f  v a lu e  i n  p r o v id i n g  p r o lo n g e d  o x y c lo z a n id e  
c o n c e n tra t io n s  in  p lasm a.
I t  was u n fo r tu n a te  t h a t  th e  b lo o d  sam p lin g  s c h e d u le  was n o t 
a d e q u a te  d u r in g  th e  e a r ly  p e r io d  a f t e r  a d m i n i s t r a t i o n  t o  a l lo w  
b e t t e r  k i n e t i c  a n a ly s i s  o f  th e  e x p e r im e n ta l d a ta .  The sam p lin g  
r e g im e n  f o r  o x y c lo z a n id e  h ad  b e e n  c h o s e n  t o  p r o v id e  a  d i r e c t  
c o m p a r is o n  w i th  t h e  o t h e r  s a l i c y l a n i l i d e  f a s c i o l i c i d e s  u s e d  
e a r l i e r  in  t h i s  s tu d y .
O xyclozan ide was e l im in a te d  r a th e r  s lo w ly  from  th e  p lasm a 
h a v in g  a  m ean e l i m i n a t i o n  h a l f  l i f e  [ t  1 /2  ( 7 ) ]  o f  6 .4  _+ 0 .8  
d a y s .
I t  i s  g e n e r a l l y  a c c e p t e d  f o l l o w i n g  i n t r a v e n o u s  
a d m i n i s t r a t i o n  t h a t  t h e  i n i t i a l  r a p i d  d e c l i n e  i n  p l a s m a  
c o n c e n tr a t io n  can  be a t t r i b u t e d  t o  r a p id  d i s t r i b u t i o n  o f  th e  d ru g  
e x t r a v a s c u la r ly  in t o  th e  h ig h ly  p e r fu s e d  t i s s u e s ,  t h e r e a f t e r  th e  
d ru g  w i l l  b e  r e d i s t r i b u t e d  i n t o  t h e  l e s s  p e r f u s e d  t i s s u e s  an d  
th e n  e l im in a te d  from  th e  body w hereas a f t e r  o r a l  a d m in is t r a t io n  
a b s o r p t i o n  an d  d i s t r i b u t i o n  o c c u r s  s im u lta n e o u s ly . W ith in  th e  
b lo o d  a  f r a c t i o n  o f  th e  d ru g  b in d s  r e v e r s ib l y  t o  p lasm a p r o te in s ,  
u s u a l l y  a lb u m in ,  an d  t h e  r e m a in d e r  u n d e rg o e s  s im u l ta n e o u s  
d i s t r i b u t i o n  a n d  e l i m i n a t i o n  ( w h ic h  i s  r e f e r r e d  t o  a s  
b io t r a n s fo rm a t io n  and e x c r e t io n  p ro c e s s e s ) .
The i n t e r m e d i a t e  " d i s t r i b u t i o n "  p h a s e  s e e n  h e r e  i s  r a t h e r  
d i f f i c u l t  t o  e x p l a i n .  F o r  m o s t d r u g s  a  " d i s t r i b u t i o n "  p h a s e  i s
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s e e n  w h e re  d ru g  i n  p la s m a  e q u i l i b r a t e s  w i th  t i s s u e s  and  t h i s  
c a u se s  a  lo w e r in g  o f  p lasm a c o n c e n tra t io n s .  S in ce  m e tab o lism  and 
e x c r e t io n  a r e  u s u a l ly  r e l a t i v e l y  s lo w e r , th e  f i n a l  te rm in a l  p hase  
i s  u s u a l ly  c o n s id e re d  t o  e q u a te  w ith  e l im in a t io n .  However from  
t h e  r a f o x a n i d e  an d  c l o s a n t e l  s t u d i e s  t h e  c o n c e n t r a t i o n s  o f  
s a l i c y l a n i l i d e s  i n  t i s s u e s  a r e  know n t o  b e  lo w , a l s o  t h e  
d i s t r i b u t i o n  o f  d ru g s  t o  t i s s u e s  u s u a l ly  o c c u rs  much m ore r a p id ly  
i . e .  i n  a  few  m in u te s  o r  h o u r s .  I t  i s  p o s s i b l e  t h a t  t h e r e  i s  
s t ro n g  and weak b in d in g  t o  p lasm a p r o te in s ;  t h a t  th e  r e l a t i v e l y  
w eakly  bound d ru g  i s  a v a i l a b l e  f o r  m e tab o lism  and e x c r e t io n  and 
t h i s  p hase  a c c o rd s  w ith  " d i s t r ib u t io n "  w h ile  th e  s t r o n g ly  bound 
d ru g  does n o t r e a d i ly  d i s s o c i a t e  from  p r o te in s  and g iv e s  a  lo n g  
te rm in a l  e l im in a t io n .
S tro n g  b in d in g  t o  p lasm a p r o te in s  o f te n  r e f e r s  t o  c o v a le n t  
b in d in g  b u t ,  s i n c e  o x y c lo z a n id e  i n  t h e  t e r m i n a l  p h a s e  r e m a in s  
e a s i l y  e x t r a c t a b l e  w i th  e t h e r  ( u s u a l l y  o n e  o f  t h e  c r i t e r i a  f o r  
d i s t in g u is h in g  io n ic  and c o v a le n t  b in d in g ) th e r e f o r e  o x y c lo z a n id e  
c a n n o t  b e  to o  s t r o n g l y  bou n d . I n  t h e  a b s e n c e  o f  m ore  d e t a i l e d  
t i s s u e  a n a ly s i s  a t  each  sam p lin g  t im e , th e  c o r r e c t  e x p la n a t io n  o f  
th e  t r i p h a s i c  p a t t e r n  can n o t be p ro v ed .
The d e g re e  o f  b in d in g  o f  o x y c lo z a n id e  t o  p lasm a p r o te in s  was 
fo u n d  t o  b e  > 99%. T h is  b in d in g  o f  t h e  d ru g  t o  p la sm a  p r o t e i n s  
i s  c o n s id e re d  t o  be an  im p o r ta n t  f a c t o r  l i m i t i n g  p e n e t r a t io n  o f  
t h e  d ru g  i n t o  t h e  a n i m a l 's  t i s s u e  an d  r e d u c in g  d ru g  t o x i c i t y .  
A lthough th e  d e g re e  o f  p lasm a p r o te in  b in d in g  o f  o x y c lo z a n id e  was 
fo u n d  t o  b e  s i m i l a r  t o  t h a t  o f  r a f o x a n i d e  an d  c l o s a n t e l ,  t h i s  
d ru g  i s  c o n s id e r a b ly  l e s s  a c t i v e  a g a i n s t  im m a tu re  f l u k e .  The
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r e l a t i v e l y  s h o r t  e l im in a t io n  h a l f  l i f e  [ t  1 / 2  ( T ) ] / com pared to  
t h a t  o f  r a f o x a n i d e  an d  c l o s a n t e l ,  i s  p re s u m a b ly  t h e  r e a s o n  f o r  
th e  i n a c t i v i t y  o f  o x y c lo z a n id e  tow ard  im m ature f lu k e s .
B room e an d  J o n e s  (1966) h ad  r e p o r t e d  t h a t  o x y c lo z a n id e  i s  
m e ta b o lis e d  in  th e  l i v e r  t o  th e  g lu c u ro n id e  and t h a t  i t s  a c t i v i t y  
a g a i n s t  m a t u r e  f l u k e s  i s  t h r o u g h  t h i s  m e t a b o l i t e  b e i n g  
c o n c e n t r a t e d  i n  t h e  b i l e  d u c t  w h e re  t h e  a d u l t  f l u k e s  r e s i d e .  
However, th e y  d id  n o t  show any e v id en ce  t h a t  th e  g lu c u ro n id e  i s  
a c t i v e .  I t  i s  know n t h a t  t h e  g lu c u r o n i d e s  a r e  g e n e r a l l y  
in a c t iv e ,  h ig h ly  p o la r  m e ta b o l i te s  and a r e  r a p id ly  e x c re te d  from  
th e  body u n le s s  th e y  become h y d ro ly se d  by th e  g u t  f l o r a  and e n t e r  
an  e n te ro h e p a t ic  c i r c u l a t i o n  (F in g l and Woodbury 1975). Thus i t  
seem s u n l i k e l y  t h a t  o x y c lo z a n id e  i s  e f f e c t i v e  th r o u g h  t h i s  
m e ta b o li te .
The a c t i v i t y  o f  o x y c lo z a n id e  a g a i n s t  m a tu re  f l u k e  may b e  
r e l a t e d  t o  i t s  h ig h  b in d in g  t o  p la s m a  p r o t e i n s .  Young f l u k e s  
p ro b ab ly  in g e s t  m a in ly  l i v e r  c e l l s  c o n ta in in g  l e s s  a n th e lm in t ic  
and a s  th e y  become a d u l t  and m ig ra te  t o  th e  b i l e  d u c ts  th e y  fe e d  
m a in ly  on  b lo o d  r a t h e r  th a n  on  t i s s u e s  ( J e n n in g s  e t  a l  1 9 5 6 ; 
Dawes 1961 ; P e a r s o n  1963 ; B row n an d  Neva 1983) an d  com e i n t o  
c o n ta c t  w ith  th e  bound o x y c lo zan id e  and w i l l  be exposed  t o  m ore 
to x ic  c o n c e n tr a t io n s  o f  th e  d rug .
O x y c lo z a n id e  t i s s u e  r e s i d u e s  w e re  n o t  d e te r m in e d  i n  t h e  
p r e s e n t  s tu d y .  H ow ever, t h e  h ig h  b in d in g  o f  t h e  d ru g  t o  p la s m a  
p r o te in s ,  w hich a c t s  t o  red u ce  th e  in c o rp o ra t io n  o f  th e  d ru g  t o  
a n i m a l  t i s s u e s ,  a n d  t h e  s m a l l  v o lu m e  o f  d i s t r i b u t i o n  
Vd (a re a )  = 345 .3  m l .k g  i n d i c a t e s  p o o r  d i s t r i b u t i o n  i n t o
t i s s u e s .
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CHAPTER 6
PHARMACOKINETIC STUDIES OF TRICLABENDAZQLE AND 
FENBENDAZOLE IN SHEEP
6 , P h a r m a c o k i n e t i c  S t u d i e s  o f  T r i c l a b e n d a z o le  and
F enbendazo le  i n  Sheep
6.1 In t ro d u c t io n
6 .1 .1  E f f ic a c y
T r i c l a b e n d a z o le  ( F a s in e x ,  C ib a -G e ig y )  : 6 - c h lo r o - 5  (2 —3— 
d ic h lo r o p h e n o x y ) - 2 - m e t h y l  t h i o b e n z i m i d a z o l e ,  i s  a  n o v e l  
benz im id a z o le  d e r iv a t iv e  r e c e n t ly  in tro d u c e d  t o  th e  a n th e lm in t ic  
m a rk e t .  The d ru g  h a s  b e e n  show n t o  b e  a  p o t e n t  f a s c i o l i c i d e  
e f f i c a c i o u s  a g a i n s t  a l l  s t a g e s  o f  h e p a t i c a  i n  s h e e p  fro m  a s  
e a r ly  a s  one day a f t e r  i n f e c t io n  (Boray 1981; B oray e t  a l  1981 a , 
b ,  1983 ; D o rc h ie s  e t  a l  1983 ; S m ea l an d  H a l l  1983 ; W o lff  e t  a l  
1 9 8 3 ; R a p i c  e t  a l  1 9 8 4 ; T u r n e r  e t  a l  1 9 8 4 )  a n d  a g a i n s t  
F . g i g a n t i c a  i n  s h e e p  a n d  g o a t s  ( G u r la p  a n d  T i n a r  1 9 8 4 ) .  
E f f i c a c y  o f  t r i c l a b e n d a z o l e  a g a i n s t  h e p a t i c a  i n f e c t i o n  i n  
c a t t l e  was s im i l a r  t o  th o s e  in  sheep  (Boray e t  a l  1981a).
T r i c l a b e n d a z o le  h a s  p o o r  a c t i v i t y  a g a i n s t  c e s t o d e s ,  
n e m a to d e s  i n c l u d i n g  t h e  i m p o r t a n t  s p e c ie s  c o n to r tu s  and th e  
tre m a to d e s  D icro co e liu m  d e n d r it ic u m  and P a ram p h is to m u m  s p e c i e s  
(Boray e t  a l  1983; G urlap  and T in a r  1984).
Rumen b y p a s s  h a s  b e e n  show n n o t  t o  a l t e r  t h e  e f f i c a c y  o f  
t r i c l a b e n d a z o l e  an d  t h e  com pound w as e q u a l ly  e f f i c i e n t  (97.8 -  
98.8%) a g a in s t  fo u r-w e e k -o ld  f lu k e  when a d m in is te re d  by th e  o r a l  
r o u te  o r  by in t r a r u m in a l  o r  in tra a b o m a sa l i n j e c t i o n  (Boray e t  a l  
1983).
F e n b e n d a z o le  (P a n a c u r ,  H oechst) : M e th y l-5 -(P h e n y l- th io ) -2 -  
b en z im id a z o le  ca rb am ate  in t r o d u c e d  i n  1974 (B a e d e r  e t  a l  1974) 
h a s  p r o v e n  t o  b e  a  w e l l  t o l e r a t e d  a n d  b r o a d  s p e c t r u m
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b e n z im id a z o le  a n th e lm in t ic  p o s se s s in g  a  h ig h  d e g re e  o f  a c t i v i t y  
a g a i n s t  many n e m a to d e  s p e c i e s  i n  s h e e p  an d  g o a t s  (B a e d e r  e t  a l  
1974; Duwel e t  a l  1975b; K irsc h  and Duwel 1975; Ross 1975; K e lly  
e t  a l  1975; Duwel 1977), c a t t l e  (Baeder e t  a l  1974; Duncan e t  a l  
1977 ; C r a ig  an d  B e l l  1978 ; C a l l i n a n  and  Cumm ins 1979) d o g s  and  
c a t s  (Roberson and Burke 1980, 1982).
F e n b e n d a z o le  h a s  a l s o  show n a  p a r t i c u l a r l y  h ig h  l e v e l  o f  
a c t i v i t y  a g a i n s t  t h e  d e v e lo p in g  an d  i n h i b i t e d  l a r v a l  s t a g e s  o f  
O s t e r t a g i a  s p e c i e s  i n  s h e e p  (M cB eath  e t  a l  1977) an d  i n  c a t t l e  
(C ra ig  an d  B e l l  1978 ; D uncan e t  a l  1976; C a l l i n a n  an d  Cum m ins
1979).
A t recommended dose  r a t e s  fen b en d a zo le  was h ig h ly  e f f e c t i v e  
a g a i n s t  m a tu re  an d  im m a tu re  s t a g e s  o f  lungw orm  i n  s h e e p  (R oss 
1975 ; K e l ly  e t  a l  1975; C o rb a  e t  a l  1979) and  c a t t l e  (S aad  an d  
R u b in  1977; Downey 1980; O a k le y  1 9 8 0 ). F e n b e n d a z o le  w as a l s o  
e f f e c t i v e  a g a i n s t  c e s to d e s  o f  s h e e p  an d  c a t t l e  a t  d o s e s  h ig h e r  
th a n  t h e  recom m ended  d o s e  r a t e  (D uw el e t  a l  1 975b ; C o rb a  e t  a l  
1 9 7 9 ) .  T he e f f i c a c y  o f  f e n b e n d a z o l e  a g a i n s t  l i v e r  f l u k e  
i n f e c t i o n  i n  s h e e p  h a s  b e e n  v a r i a b l e  a s  r e p e a t e d  and  h ig h  d o s e  
r a t e s  a r e  r e q u i r e d  f o r  a n  e f f e c t i v e  t r e a t m e n t  a g a i n s t  
f a s c i o l i a s i s  (Corba e t  a l  1979; Duwel e t  a l  1975b).
The rum en  a c t s  a s  a  r e s e r v o i r  f o r  t h e  o r a l l y  a d m i n i s t e r e d  
d ru g  r e l e a s i n g  i t  s lo w ly  t o  t h e  omasum an d  abom asum . I t  i s  
c o n s id e re d  t h a t  th e r e  i s  a  minimum c o n c e n tra t io n  o f  b e n z im id a z o le  
n e c e s s a r y  f o r  a n t h e l m i n t i c  a c t i v i t y  ( P r i c h a r d  e t  a l  1978) an d  
a l s o  th e  d u ra t io n  o f  ex p o su re  t o  t h i s  c o n c e n tra t io n  i s  im p o r ta n t .  
T h e re fo re  th e  in t r o d u c t io n  o f  b e n z im id a z o le  i n to  th e  rum en w i l l  
r e s u l t  in  p ro lo n g in g  th e  t im e  f o r  t h i s  minimum c o n c e n tr a t io n  t o
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o c c u r  e s s e n t i a l  f o r  a c t i v i t y  a g a in s t  p a r a s i t e s .
I n  r u m in a n t s ,  a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  o f  a q u e o u s  
su sp e n sio n  p a r t  o r  a l l  o f  th e  a d m in is te re d  d ose  w i l l  bypass th e  
rumen and w i l l  be a v a i l a b l e  f o r  r a p id  a b s o rp tio n  in  th e  abomasum 
a n d  d u o d e n u m ,  r e s u l t i n g  i n  l o w e r  e f f i c a c y  a g a i n s t  
g a s t r o i n t e s t i n a l  nem atodes. T h is  m igh t e x p la in  th e  low  e f f ic a c y  
o f  f e n b e n d a z o le  a g a i n s t  b e n z im id a z o le  r e s i s t a n t  s t r a i n s  o f
H. c o n to r tu s  and T r ic h o s tro n g y lu s  c o lu b r i fo rm is  in  sheep  when th e  
d ru g  was a d m in is te re d  in tr a -a b o m a s a l ly  (K e lly  e t  a l  1977).
In  a  p h a rm a c o k in e tic  s tu d y  M a rr in e r  and Bogan (1980, 1981a, 
b) fo u n d  t h a t  t h e  k i n e t i c s  o f  a l b e n d a z o l e ,  f e n b e n d a z o le  an d  
o x f e n d a z o le  i n  s h e e p  w e re  n o t  s i g n i f i c a n t l y  a l t e r e d  w hen a  
p r o p o r t i o n  o f  t h e  d ru g  b y p a s s e d  t h e  ru m en  ( d e m o n s t r a te d  by  t h e  
e a r l y  a p p e a r a n c e  o f  t h e  d r u g  ( w i t h i n  2 0  m i n u t e s )  i n  t h e  
abom asum ). I n  c a t t l e ,  Ngomuo an d  o t h e r s  (1984) fo u n d  no  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  a r e a  u n d e r  p l a s m a  
c o n c e n tr a t io n / t im e  cu rv e  f o r  o x fen d az o le  when th e  d ru g  was g iv e n  
by th e  o r a l  o r  in t r a - r u m in a l  r o u te ;  n e i th e r  d id  a lb e n d a z o le  i n  
sh e e p  w hen i t  w as g iv e n  a s  a  p a s t e  o r  a s  a  d r e n c h  s u s p e n s io n  
(M a rrin e r  e t  a l  1981).
6 .1 .2  Mode o f  A c tio n
The mode o f  a c t i o n  o f  t r i c l a b e n d a z o l e  i s  n o t  c l e a r .  The 
s t r u c t u r a l  s i m i l a r i t y  o f  t r i c l a b e n d a z o l e  t o  t h e  g e n e r a l  
b e n z im id a z o le  c l a s s  o f  d ru g s  w o u ld  s u g g e s t  t h a t  t h e  com pound 
m ig h t a c t  by  i n h i b i t i n g  th e  f u m a r a te  r e d u c t a s e  s y s te m  i n  t h e  
p a r a s i t e  a s  do  o t h e r  b e n z im id a z o le s .  The l a c k  o f  a c t i v i t y  o f  
t r i c la b e n d a z o le  a g a in s t  nem atodes, i n c l u d i n g  c o n t o r t u s  l e a d s
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t o  th e  su g g e s tio n  t h a t  t h i s  compound m ig h t a c t  s i m i l a r l y  to  th e  
s a l i c y l a n i l i d e  f l u k i c i d e s  by  u n c o u p l i n g  o f  o x i d a t i v e  
p h o s p h o r y l a c t io n ,  e v e n  th o u g h , m o s t o f  t h e  s a l i c y l a n i l i d e  
f l u k i c i d a l  d ru g s  show v a r ia b le  a c t i v i t y  a g a in s t  H. c o n to r tu s .
F a s c io l i c i d a l  d ru g s  g e n e r a l ly  b e lo n g  t o  t h e  s a l i c y l a n i l i d e  
an d  t h e  r e l a t e d  s u b s t i t u t e d  n i t r o p h e n o l  ch em ica l group. These 
d r u g s  h a v e  b e e n  show n t o  b e  h ig h l y  bound  t o  p la s m a  p r o t e i n s  
(D uw el an d  M e tz g e r  1973 , C h a p te r  2 ) . T h e r e f o r e  th e y  w i l l  be 
d e l iv e r e d  to  th e  p a r a s i t e  th ro u g h  in g e s t io n  o f  th e  d rug  bound to  
th e  p lasm a p r o te in s  (m ain ly  a lbum in) and t h i s  p ro v id e s  th e  m ost 
l i k e l y  e x p l a n a t i o n  by w h ic h  t h e s e  com pounds e x h i b i t  t h e i r  
a c t i v i t i e s  to w ard  b lood  su ck in g  p a r a s i t e s  (Broome and Jo n es  1966; 
Lee 1973; H a ll e t  a l  1981; G u erre ro  e t  a l  1982).
As t r i c l a b e n d a z o l e  i s  a l s o  th o u g h t  t o  b in d  s t r o n g l y  t o  
p lasm a p r o te in  (C hap ter 6 ) i t  i s  e x p e c te d  t h a t  t r i c l a b e n d a z o l e  
w i l l  b e  consum ed  s i m i l a r l y  by c o n t o r t u s  and  P\_ h e p a t i c a  an d  
e x e r t  an  e q u iv a le n t  a c t i v i t y  a g a in s t  b o th  p a r a s i t e s .  T h e re fo re  
th e  b io c h e m ic a l mode o f  a c t io n  o f  t h i s  u n u su a l d rug  needs f u r t h e r  
in v e s t ig a t io n .
F e n b e n d a z o le  w as fo u n d  t o  i n h i b i t  t h e  f u m a r a te  r e d u c t a s e  
sy stem  in  th e  f e rm e n ta t io n  pathw ay o f  nem atodes (P r ic h a rd  1970; 
Rehm a n d  B r y a n t  1 9 7 7 ; Rew 1 9 7 8 ; B a r ro w m a n  ^ t  aul 1 9 8 4 b ) .  
O x f e n d a z o l e  ( t h e  p r i n c i p a l  m e t a b o l i t e  o f  f e n b e n d a z o l e ) ,  
fen b en d a zo le  2 -am ino  s u lfo x id e  and fen b en d a zo le  2 -am ino  s u lfo n e  
w h ic h  a r e  know n t o  b e  i n a c t i v e  m e t a b o l i t e s  w e re  a l s o  show n t o  
i n h i b i t  f u m a r a te  r e d u c t a s e  s y s te m  i n  A s c a r i s  suum i n  v i t r o  
(B arrow m an e t  ajL 1 984b). The d ru g  a l s o  a p p e a re d  t o  p o s s e s s  a 
n e u ro to x ic  e f f e c t  in  H ym enolepis d im in u ta  (Duwel 1977; P r ic h a rd
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e t  a l  1 9 7 8 ) .
Barrowman e t  a l  (1984a) d e m o n stra te d  t h a t  fen b en d azo le  and 
o x fen d az o le  b in d  t o  As c a r  i s  suum tu b u l in  th e re b y  i n h i b i t i n g  th e  
p o ly m e r is a tio n  o f  tu b u l in  i n t o  m ic ro tu b u le s .
6 .1 .3  S a fe ty  t o  H ost
In  sheep  and g o a t ,  t r i c la b e n d a z o le  g iv e n  a t  th e  recommended 
—1do se  r a t e  o f  1 0  mg.kg h as  been  shown t o  be a  w e ll  t o l e r a t e d  and 
s a f e  d ru g  (W olff e t  a l  1983).
The maximum to l e r a t e d  d ose  was found t o  be 200 mg.kg- **, th u s  
h a v in g  a s a f e t y  in d e x  o f  2 0  when g iv e n  a t  1 0  m g.kg f o r  t h e
_ -i
t r e a t m e n t  o f  im m a tu re  f l u k e s  an d  o f  40 w hen g iv e n  a t  5 m g.kg
f o r  t h e  t r e a t m e n t  o f  a d u l t  f l u k e s  i n  s h e e p  (B oray  e t  a l  1 9 8 1 a ;
19 8 3 ). S i m i l a r  o b s e r v a t i o n s  w e re  fo u n d  i n  c a t t l e  (B o ray  e t  a l
1 9 8 1 a ,b ) . No t o x i c o l o g i c a l  s i g n s  w e re  o b s e rv e d  i n  s h e e p  w h ic h
—1r e c e i v e d  t r i c l a b e n d a z o l e  a t  150 m g.kg c o n c u r r e n t l y  w i th  
a lb e n d a z o le , le v a m is o le ,  o x fen d az o le  and m o ra n te l c i t r a t e  g iv e n  
a t  d o s a g e  t h r e e  t i m e s  t h e  recom m ended  d o s e  r a t e  o f  t h e s e  
compounds (Boray e t  a l  1983).
F e n b e n d a z o le  h a s  b e e n  w e l l  d o c u m e n te d  a s  a  v e r y  s a f e  an d  
n o n - to x ic  d rug . No te r a to g e n ic  o r  em b ry o to x ic  e f f e c t s  have been  
r e p o r t e d  i n  a n im a ls  r e c e i v i n g  f e n b e n d a z o le .  R a t s ,  s h e e p  an d  
c a t t l e  h a v e  t o l e r a t e d  d o s e s  o f  1 0 ,0 0 0 , 5 ,0 0 0 , 2 ,0 0 0  m g.kg- * 
r e s p e c t iv e ly  (B aeder e t  a l  1974; Duwel 1977).
6 .1 .4  P h arm ac o k in e tic s
T here i s  no c u r r e n t ly  p u b lish e d  d a ta  on th e  p h a rm a c o k in e tic s  
o f  t r i c l a b e n d a z o l e  i n  s h e e p  w h i le  t h e  p h a r m a c o k in e t i c s  o f  
fen b en d azo le  have a l re a d y  been  s tu d ie d  in  sheep  and c a t t l e .
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**^ C r a d io l a b e l l e d  fe n b e n d a z o le  w as a d m i n i s t e r e d  o r a l l y  t o  
sheep  and c a t t l e  a t  5 mg.kg . A maximum p lasm a c o n c e n tra t io n  o f  
0.40 and 0.74 pg.m l o c c u rre d  a f t e r  6 - 2 4  and 30 h o u rs  in  sheep  
and c a t t l e  r e s p e c t iv e ly  a f t e r  a d m in is t r a t io n  (Duwel e t  a l  1975a).
M a rr in e r  and Bogan (1981a) m easured th e  p lasm a c o n c e n tr a t io n  
o f  fen b en d azo le  and i t s  p r in c i p a l  m e ta b o l i te s ,  th e  s u lfo x id e  and 
th e  s u lfo n e , s e p a r a te ly  u s in g  an  Hplc m ethod. The maximum p lasm a 
c o n c e n t r a t i o n  o f  f e n b e n d a z o le ,  o x f e n d a z o le  and  t h e  s u l f o n e  o f  
0 .1 5 , 0 .29 an d  0 .17 p g .m l-  ^ o c c u r r i n g  a t  2 4 , 30 an d  48 h o u r s  
r e s p e c t i v e l y  a f t e r  t h e  o r a l  a d m i n i s t r a t i o n  o f  f e n b e n d a z o le  t o  
sheep  a t  a  d o se  r a t e  o f  1 0  mg.kg .
I t  i s  l i k e l y  th e r e f o r e  t h a t  th e  h ig h  am ounts o f  fen b en d a zo le  
r e p o r te d  by Duwel e t  a l  (1975a) r e s u l t e d  from  th e  f a i l u r e  o f  th e  
a s s a y  m ethod t o  d i s t i n g u i s h  betw een  th e  p a r e n t  compounds and i t s  
m e ta b o l i te s .
£  1 ^  o n f  n-J v ^
I t  h a s  b e e n  d e m o n s t r a te d  t h a t  c o - a d m i n i s t r a t i o n  o f  tw o  
b e n z im id a z o le s  a l t e r s  t h e i r  m e tab o lism , and th u s  p a rb en d a zo le  h a s  
b e e n  u s e d  t o  p r o lo n g  t h e  k i n e t i c s  an d  i n c r e a s e  t h e  e f f i c a c y  o f  
o x f e n d a z o le  (H ennessy 1985). I t  seem ed  a  h ig h  p o s s i b i l i t y  t h a t  
c o - a d m in is t r a t io n  o f  fen b en d a zo le  and t r i c la b e n d a z o le  m ig h t a l t e r  
t h e i r  p h a r m a c o k in e t ic s  an d  t h e r e b y  p o s s i b l y  i n c r e a s i n g  o r  
d e c r e a s i n g  t h e  e f f i c a c y  o r  s p e c tru m  o f  a c t i v i t y  o f  t h e s e  
compounds a g a in s t  l i v e r  f lu k e s  and g a s t r o i n t e s t i n a l  nem atodes.
T h e r e f o r e  t h e  p h a rm a c o k in e t ic  b e h a v io u r o f  t r i c la b e n d a z o le  
w a s  e x a m in e d  i n  s h e e p  p l a s m a  w i t h  o r  w i t h o u t  t h e  c o ­
a d m in is t r a t io n  o f  fen b en d a zo le  a f t e r  th e  o r a l  a d m in is t r a t io n  o f  
t r i c la b e n d a z o le  s e p a r a te ly  o r  in  c o m b in a tio n  w ith  fe n b e n d a z o le  a t
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a  d ose  r a t e  o f  10 mg.kg o f  each  compound. The p h a rm a c o k in e tic s  
o f  fen b en d azo le  w ere a l s o  exam ined s e p a r a te ly  in  th e  same sheep  
and com pared t o  t h a t  when c o -a d m in is te re d  w ith  t r i c la b e n d a z o le .
A s p e c i a l  e m p h a s is  on  t h e  p la s m a  p r o t e i n  b in d i n g  o f  
t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s  w as th o u g h t  l i k e l y  t o  b e  
h e l p f u l  i n  a s s e s s i n g  t h e  u n iq u e  a c t i v i t y  o f  t h i s  b e n z im id a z o le  
com pound, am ong t h e  o t h e r  m em bers o f  t h i s  c h e m ic a l  g ro u p  o f  
a n th e lm in t ic s ,  a g a in s t  l i v e r  f lu k e  in f e c t io n .
6.2 D e te rm in a tio n  o f  T r i c l a b e n d a z o le  an d  F e n b e n d a z o le  i n  
Sheep Plasm a
B enzim id azo le  a n th e lm in t ic s  a r e  compounds p o o rly  s o lu b le  in  
w a te r  and p a r t i a l l y  s o lu b le  in  o rg a n ic  s o lv e n ts .
D e te r m in a t io n  o f  b e n z im id a z o le  i n  body  f l u i d s  h a s  b e e n  
c a r r i e d  o u t  by  t h e  u s e  o f  r a d i o l a b e l l e d  d ru g s  (Van d e n  B o ssc h e  
e t  a l  1 9 8 2 ), b u t  s u c h  a  t e c h n iq u e  in v o l v e s  t h e  u s e  o f  a  l a r g e  
q u a n t i t y  o f  s a m p le  an d  a l s o  f a i l s  t o  d i s t i n g u i s h  t h e  p a r e n t  
compound from  t h e i r  m e ta b o li te s .
M any o t h e r  t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d  f o r  t h e  
m easurem ent o f  t h i s  g roup  o f  a n th e lm in t ic s .  A f lu r o m e t r ic  m ethod 
w as d e v e lo p e d  by T occo  ^ t  aJL (1 965) an d  D uw el e t  a l  (1 9 75a) f o r  
th e  d e te rm in a t io n  o f  th ia b e n d a z o le  and fen b en d a zo le  r e s p e c t iv e ly .
N e re n b e rg  e t  a l  (1978) an d  M ic h ie l s  e t  a l  (1982) d ev e lo p ed  
rad io im m unoassay  te c h n iq u e s  f o r  th e  d e te rm in a t io n  o f  o x fe n d a z o le  
and f lu b e n d a z o le  r e s p e c t iv e ly  in  a n im a ls .
In  a d d i t io n  h ig h  p erfo rm an ce  l i q u id  c h ro m a to g rap h ic  m ethods 
h a v e  b e e n  d e v e lo p e d  by  K a r la g a n i s  e t  a l  (1 9 7 9 ) , A l to n  e t  a l  
(1 9 7 9 ) , Bogan an d  M a r r in e r  (1 9 8 0 ), T s in a  an d  M a tin  (1981) an d  
D e l a t o u r  e t  a l  (1 9 8 3 )  f o r  t h e  d e t e r m i n a t i o n  o f  v a r i o u s
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b e n z im id a z o le s  in  body f l u i d s  and t i s s u e  sam ples o f  a n im a ls  and 
man.
B o g an  a n d  M a r r i n e r  (1 9 8 0 ) f o u n d  t h a t  m o s t  o f  t h e  
b en z im id a z o le  a n th e lm in t ic s  e x t r a c t e d  w e l l  i n t o  d i - e t h y l  e t h e r  
from  a l k a l in i s e d  p lasm a. The e th e r  was th e n  e v a p o ra te d  and th e  
r e s id u e  a n a ly se d  by h ig h  p erfo rm an ce  l i q u id  ch rom atography . As 
t r i c l a b e n d a z o l e  i s  a  m em ber o f  t h e  b e n z im id a z o le  g ro u p  o f  
a n t h e l m i n t i c s  i t  w a s  a  l o g i c a l  s t e p  t o  t r y  a n d  e x t r a c t  
t r i c l a b e n d a z o l e  i n t o  d i - e t h y l  e t h e r .  U n f o r tu n a t e ly ,  t h i s  
b e n z im id a z o le  f lu k i c id e  was found t o  be p o o r ly  e x t r a c ta b l e  in t o  
e t h e r  f ro m  many d i f f e r e n t  b u f f e r s  an d  o v e r  a  r a n g e  o f  pH fro m  
a c id ic  t o  b a s ic .
S u b seq u en tly , t r i c la b e n d a z o le  was d e te rm in e d  in  th e  p la sm a 
s a m p le  i n  t h i s  s tu d y  by  a  m e th o d  s l i g h t l y  m o d i f ie d  f ro m  t h a t  
d e v e lo p e d  by C ib a  G e ig y , B a s le ,  S w i t z e r l a n d .  F e n b e n d a z o le  w as 
a n a ly s e d  s e p a r a t e l y  by  a  s t a n d a r d i s e d  m e th o d  by  M a r r in e r  a n d  
Bogan (1981a).
6 .2 .1  M a te r ia ls  and Methods
6 .2 .2  T ric la b e n d a z o le  Method o f  A n a ly s is
6 .2 .2 .1  R eagen ts  and A ppara tu s
A l l  r e a g e n t s  u s e d  w e re  o f  " A n a la r"  g r a d e ,  an d  a l l  t h e






A b so lu te  a lc o h o l
These s o lv e n ts  w ere o b ta in e d  from  R a th b u m  C hem icals  L td ., 
W alkerbum , S c o tla n d .
Anhydrous sodium s u lp h a te  
Ammonium c a rb o n a te  (0 .0 5  M)
S a tu ra te d  sodium c h lo r id e  (b r in e )
T h is  s o lu t io n  was made up by ad d in g  sodium  c h lo r id e  c r y s t a l s  
t o  w a te r  w i th  c o n t in u o u s  s h a k in g  ( m e c h a n ic a l ly )  u n t i l  no  m ore  
s a l t  was d is s o lv e d .
M echanical sh ak in g  d e v ic e  
G r i f f i n  and George L t d . , B r i t a in .
R o ta ry  e v a p o ra to r
R o ta v a p o r -R , B u ch e , s u p p l i e d  by  Orme S c i e n t i f i c  L td . ,  
M id d le to n , M ancheste r.
U l tr a s o n ic  w a te r  b a th  
Dawe In s tru m e n ts ,  U .S.A .
C hrom atographic column
1 . 8  cm i .d .  x 2 0  cm le n g th  w ith  t e f l o n  s to p co ck  and f r i t t e d  
d i s c .
Long column
Q uick f i t  1 .8  cm i . d .  x 30 cm le n g th .
Alumina Woelm A -Super _I Type W 200 a c id  (K och-L ight L td . 
C olnbrook, B e r k s . , E n g la n d ) .
A lu m in a  u s e d  i n  t h e  a n a l y s i s  w as o f  a c t i v i t y  G rad e  V an d  
p re p a re d  a s  fo llo w s :
To 500 g a lu m in a  95 m l w a te r  w as a d d e d , t h e  c o n t a i n e r  w as 
s to p p e r e d  t i g h t l y ,  s h a k e n  v e r y  w e l l  u n t i l  no  lu m p s  c o u ld  b e  
' o b served . The a lu m in a  was l e f t  t o  s ta n d  f o r  tw o h o u rs  b e fo re  i t
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was u sed .
W ater
The w a te r  u s e d  w as p e rm a n g a n a te  d i s t i l l e d  t o  rem o v e  any  
im p u r i t i e s  (p h en o ls ) w hich m igh t a f f e c t  th e  H plc colum n.
6 .2 .2 .2  Hplc C o n d itio n s
F o r  t h e  a n a l y s i s  o f  t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s  a  
h ig h  p erfo rm an ce  l i q u id  ch ro m a to g rap h ic  m ethod was u sed , w h ile  a  
d i f f e r e n t  H plc m ethod was u sed  f o r  th e  a n a ly s i s  o f  fen b en d a zo le  
and i t s  m e ta b o l i te s ,  w hich  w i l l  be d is c u s s e d  i n  S e c t io n  6.2.3.
D e te c to r
C e c i l  CE 2012 v a r i a b l e  w ave l e n g t h  UV m o n i to r  ( C e c i l  
In s tru m e n ts ,  Cam bridge, E n g lan d ).
Pump
G ilso n  Model 302.
R eco rd e r
V ita t r o n  10 mV
A bsorbance
0 .0 5  a . u . f . s .
Column d im ensions
Septum i n j e c t o r  100 mm le n g th  x  5 mm i.d .  (Shandon S o u th e rn  
P ro d u c ts  L t d . ,  R uncorn, E n g lan d ).
Column p ack in g
R e v e r s e  p h a s e  ODS. H y p e r s i l ,  p a r t i c l e  s i z e  5 pm (S h an d o n  
S o u th ern  P ro d u c ts  L t d . ,  R uncorn, E n g lan d ).
Wave le n g th
300 nm.
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M obile p h ase
M ethanol : Ammonium c a rb o n a te  (0 .0 5  M) 65 : 35.
Flow r a t e
_-i
0 . 6  m l.m in u te  .
C h a rt speed
1 cm .m inute .
In j  e c t io n  volume
5 p i  u s in g  10 p i  m ic ro s y rin g e .
6 . 2 .2 .3  P ro ced u re  o f  A n a ly s is
The H p lc  m e th o d  o f  a n a l y s i s  o f  t r i c l a b e n d a z o l e  an d  i t s
m e ta b o l i te s  in v o lv e d  th r e e  s te p s ,  an  e x t r a c t io n ,  p a r t i t i o n  and a  
column c le a n  up s te p .
(1) E x t r a c t io n  S te p
5 m l o f  th e  p lasm a sam ple was in tro d u c e d  in t o  a  500 ml 
round bo ttom  g la s s  f l a s k .  190 ml o f  a c e to n e  was added. F la s k s
w ere shaken  f o r  2 0  m in u te s  on a  m ech an ica l sh ak er.
The s u s p e n s io n  w as f i l t e r e d  th r o u g h  W hatm an f i l t e r  
p a p e r  No.1 an d  100 m l a l i q u o t s  o f  t h e  f i l t r a t e  w efe t a k e n  f o r  
a n a ly s i s .
(2) P a r t i t i o n  S te p
1 0 0  m l a l i q u o t s  w e r e  t r a n s f e r r e d  i n t o  a  1 0 0 0  m l 
s e p a r a t o r y  f u n n e l  t o  w h ic h  300 m l o f  w a te r  an d  50 m l o f  b r i n e  
w e re  a d d e d , f o l l o w e d  by  t h e  a d d i t i o n  o f  70 ml d ic h lo ro m e th a n e . 
The s e p a ra to ry  fu n n e l was s to p p e re d  and th e  c o n te n ts  w ere shaken  
m e c h a n ic a lly  f o r  f iv e  m in u te s .
The f u n n e l  w as l e f t  t o  s t a n d  f o r  a  few  m in u te s  u n t i l  
tw o  c l e a r  la y e r s  w ere form ed. The bo ttom  d ic h lo ro m e th a n e  la y e r  
w as ta k e n  i n t o  a  500 m l g l a s s  b e a k e r .  A f u r t h e r  70 m l o f
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d ic h lo ro m e th a n e  was added t o  th e  fu n n e l and shaken  a s  above. The 
d ic h lo ro m e th a n e  la y e r  was th e n  com bined w ith  th e  f i r s t  e x t r a c t .  
A t h i r d  e x t r a c t i o n  p r o c e d u r e  w as c a r r i e d  o u t  an d  a l l  t h r e e  
e x t r a c t s  w ere com bined.
The co m b in ed  d ic h lo r o m e th a n e  e x t r a c t  w as f i l t e r e d  
th r o u g h  a  g l a s s  c o lu m n  c o n t a i n i n g  a  c o t t o n  p lu g  an d  25 g o f  
anhydrous sodium  s u lp h a te .  The e lu e n t  was c o l le c te d  i n  a  500 ml 
round  bo ttom  f l a s k  and th e n  e v a p o ra te d  t o  d ry n e ss  u s in g  a  r o t a r y  
e v a p o ra to r  a t  40°C.
(3) Column c le a n  up s te p
In  a  100 ml vacuum s t a b l e  c o n ta in e r ,  a  s l u r r y  o f  a c i d i c  
a lu m in a , a c t i v i t y  g rad e  V, in  hexane was made up , by a d d in g  20 ml 
o f  hexane t o  20 g o f  a c i d ic  a lu m in a  a c t i v i t y  g rad e  V, th e  s l u r r y  
w as p la c e d  i n  a n  u l t r a s o n i c  w a te r  b a t h  an d  d e - g a s s e d  f o r  f i v e  
m in u te s  u n d er vacuum.
A c h r o m a to g r a p h ic  co lu m n  w as f i l l e d  w i th  25 m l o f  
hexane, and s lo w ly , th e  f r e s h ly  p re p a re d  s lu r r y  was added u n t i l  a  
c o n s ta n t  la y e r  o f  8 .5  cm h e ig h t  was re a c h e d .
The s o lv e n t  was d ra in e d  t o  th e  l e v e l  o f  th e  to p  o f  th e  
co lu m n . The d ru g  r e s i d u e  w as d i s s o l v e d  i n  t h r e e  t i m e s  2 m l o f  
t o l u e n e  an d  t r a n s f e r r e d  t o  t h e  t o p  o f  t h e  co lu m n . The t o l u e n e  
was a llo w e d  t o  p e n e t r a te  th e  colum n each  t im e  u n t i l  th e  l a s t  d ro p  
to u c h e d  t h e  to p  o f  t h e  c o lu m n , t h e  n e x t  2  m l o f  r e s i d u e  i n  
to lu e n e  was th e n  t r a n s f e r r e d  t o  th e  colum n.
The f l a s k  w as r i n s e d  w i th  50 m l h e x a n e  an d  t h i s  w as 
t r a n s f e r r e d  t o  t h e  c o lu m n , u s in g  a  p a s t e u r  p i p e t t e ,  s lo w ly  an d  
n o t d i s tu r b in g  th e  a lu m in a . The e lu e n t  was a llo w e d  t o  d r a in  and
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th e n  d is c a rd e d  a s  i t  c o n ta in e d  n e i th e r  t r i c la b e n d a z o le  o r  any o f  
i t s  m e ta b o l i te s .
100 ml o f  a  m ix tu re  o f  hexane : d ic h lo ro m e th a n e  40 : 60
was u sed  t o  e l u t e  th e  p a r e n t  compound, th e  e lu e n t  was c o l le c t e d
in  a  250 ml round  bo ttom  g la s s  s to p p e re d  f l a s k  (E lu a n t I ) .
T r i c l a b e n d a z o le  m e t a b o l i t e s  ( th e  s u l f o x i d e  an d  t h e  
s u l f o n e )  w e r e  e l u t e d  w i t h  a  m i x t u r e  o f  1 2 0  m l o f  
d ic h lo ro m eth an e  : m ethano l 98 : 2 and th e  e lu e n t  was c o l l e c t e d  in  
a  c le a n  250 ml round bottom  g la s s  s to p p e re d  f l a s k  (E lu a n t I I ) .
S o lv e n ts  o f  E lu a n t I  and E lu a n t I I  w ere e v a p o ra te d  t o  
d ry n e ss  u s in g  a  r o ta r y  e v a p o ra to r  (w a te r b a th  te m p e ra tu re  40°C ).
The r e s id u e s  w ere d is s o lv e d  in  3 m l o f  a b s o lu te  a lc o h o l
and t r a n s f e r r e d  by p a s te u r  p i p e t t e  t o  1 0  m l c o n ic a l  g la s s  tu b e s .  
The f l a s k  was r in s e d  tw ic e  more w ith  3 ml o f  a b s o lu te  a lc o h o l  and 
t h e  w a s h in g s  t r a n s f e r r e d  e a c h  t im e  t o  t h e  1 0  m l c o n i c a l  g l a s s  
tu b e s .
The s o lv e n t  was e v a p o ra te d  to  d ry n e ss  on a  d ry  b a th  a t  
50°C u n d e r  a  s t r e a m  o f  n i t r o g e n .  The w a l l s  o f  t h e  tu b e  w e re  
w ash ed  w i th  0.5  -  1.0 m l o f  a b s o l u t e  a l c o h o l  an d  e v a p o r a te d  t o  
d ry n e ss  on th e  d ry  b a th  a t  50°C u n d er n i t r o g e n .
The r e s i d u e s  o f  E l u a n t  I  w e re  d i s s o l v e d  i n  100 p i  
m ethano l f o r  i n j e c t i o n  o n to  th e  H plc colum n. W hile E lu a n t I I  was 
d i s s o l v e d  i n  up  t o  1 , 0 0 0  p i  d e p e n d in g  on  t h e  s u l f o x i d e  an d  
su lfo n e  c o n c e n tr a t io n s .
F o r th e  a n a ly s i s  o f  p lasm a sam ples f o r  t r i c la b e n d a z o le  
and m e ta b o l i te s ,  th e  Hplc system  d e s c r ib e d  in  S e c t io n  6.2.2.2 was 
u s e d .  The r e t e n t i o n  t i m e s  f o r  t h e  p a r e n t  com pound a n d  i t s  
m e ta b o li te s  (F ig .2 .6 .1 ) w e r e : -
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T ric la b e n d a z o le  s u lfo n e  = 7 .8  m in.
T r ic la b e n d a z o le  s u lfo x id e  = 10 .0  m in.
T r ic la b e n d a z o le  = 3 6 .0  m in.
To s h o r t e n  t h e  r e t e n t i o n  t i m e  f o r  t r i c l a b e n d a z o l e  a 
h ig h e r  m e th a n o l : Ammonium c a r b o n a te  p r o p o r t i o n  w as u s e d  
(75 : 25) w hich  r e s u l t e d  i n  a  r e t e n t io n  tim e  o f  5.80 m in. w ith  a  
flow  r a t e  o f  1 . 2  m l.m in .
The l i m i t s  o f  d e t e c t io n  o f  th e  H plc method o f  a n a ly s i s
_-i
o f  t r i c la b e n d a z o le  ■ and m e ta b o li te s  w ere 0 .0 5  pg .m l
F e n b e n d a z o le ,  o x f e n d a z o le ,  an d  t h e  s u l f o n e  w e re  a l s o  
e l u t e d  u n d e r  t h e  H p lc  c o n d i t i o n s  m e n tio n e d  i n  S e c t io n  6 .2 .2 .2  
( F i g . 2 .6 .1  ) w i t h  a  r e t e n t i o n  t i m e  o f  1 2 .8 0  m i n u t e s  f o r  
f e n b e n d a z o le ,  w h i l e  o x f e n d a z o le  an d  t h e  s u l f o n e  w e re  e l u t e d  
t o g e t h e r  t o  g iv e  o n e  p e a k  w i th  a  r e t e n t i o n  t im e  o f  3 .20  m in . 
T h e r e f o r e  f o r  t h e  a n a l y s i s  o f  f e n b e n d a z o le  an d  m e t a b o l i t e s  i n  
p la s m a  tw o  d i f f e r e n t  H p lc  s y s te m s  w e re  u s e d  a s  d e s c r i b e d  i n  
S e c t io n  6 .2 .3 .
F e n b e n d a z o le  a l s o  a p p e a r e d  i n  e l u a n t  I I  o f  t h e  
t r i c la b e n d a z o le  m ethod b u t  g e n e ra l ly  th e  r e s id u e  was to o  d i l u t e  
f o r  a c c u r a t e  m e a su re m e n t o f  f e n b e n d a z o le  c o n c e n t r a t i o n  a n d , 
th e r e f o r e ,  i n  a l l  c a s e s ,  fen b en d a zo le  was m easured a f t e r  s e p a r a te  
d i - e t h y l  e th e r  e x t r a c t io n  (S e c t io n  6 .2 .3 ) .
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6 .2 .3  F enbendazo le  Method o f  A n a ly s is
6 .2 .3 .1  R eagen ts
A ll  r e a g e n ts  u sed  w ere o f  "A n a la r"  g ra d e .
D i- e th y l  e th e r
G la ss  r e - d i s t i l l e d .  Washed w ith  5% aqueous s o lu t io n  o f  
f e r r o u s  s u lp h a te  FESO4 . 7 H2 O and th e n  s t a b i l i s e d  w i th  p y r o g a l l o l  
a s  d e s c r i b e d  i n  S e c t io n  1 .2 .1 .1 .
M ethanol
R e - d i s t i l l e d  b e fo re  u s e .
Ammonium c a rb o n a te  
(0 .0 5  M).
Ammonium h y d ro x id e  
(0.1 M).
Sodium c h lo r id e
6 . 2 .3 .2  H plc c o n d i t io n s  
D e te c to r
R e f e r e n c e  c h a n n e l  v a r i a b l e  w ave l e n g t h  UV d e t e c t o r  
model CE 2012 (C e c il  In s tru m e n ts ,  Cam bridge, E n g lan d ).
Pump
A lte x  model 110 A s o lv e n t  m o n ito r in g  sy stem .
Column d im ension
100 mm lo n g  x  5 mm i .d .  (S h an d o n ), c o n n e c te d  t o  v a l v e  
i n j e c t o r  (N e g re t t i  and Zambra Model 1 9 0 ).
Column pack in g
O D S-H ypersil p a r t i c l e  s i z e  5 pm.
A bsorbance 
' 0 .05  a . u . f . s .
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R eco rd e r
V ita t r o n  10 mV.
C h a rt speed
1  • -11 cm. m in.
Wave le n g th
292 nm.
L im its  o f  d e te c t io n
0 . 0 1  pg .m l f o r  fen b en d a zo le  and i t s  m e ta b o l i te s .
6 . 2 .3 .3  P ro ced u re  o f  A n a ly s is
A h ig h  p e r fo rm a n c e  l i q u i d  c h ro m a to g ra p h ic  m ethod was u sed  
f o r  th e  d e te rm in a t io n  o f  fe n b en d a zo le  and i t s  m e ta b o l i te s  i n  th e  
p lasm a sam p les.
4 m l a l iq u o t s  o f  p lasm a w ere t r a n s f e r r e d  in t o  50 ml g l a s s -  
s to p p e re d  th ic k - w a l le d  tu b e s  u s in g  a  4 ml b u lb - p ip e t t e .  1 m l o f  
0.1 M NH^OH and 0.4 g o f  N a d  c r y s t a l s  w ere added to  each  sam ple .
2 0  m l o f  d i - e t h y l  e t h e r  w as a d d e d  u s in g  a n  a u t o m a t i c  
d is p e n s e r .  The tu b e s  w ere s to p p e re d  and shaken on a  r o t a r y  m ix e r 
f o r  15 m in u te s .
 1 -5-m-l—of—th e  -u p p e r—e th e r  la y e r  w ere t r a n s f e r r e d  i n t o  50 ml
th in -w a l le d  g la s s  tu b e s .
A n o th e r  e x t r a c t i o n  w as c a r r i e d  o u t  by  a d d in g  20 m l o f  d i ­
e th y l  e th e r  t o  th e  f i r s t  tu b e  and th e  c o n te n ts  w ere shaken  f o r  15 
m i n u t e s  o n  a  r o t a r y  m i x e r .  2 0  m l o f  e t h e r  e x t r a c t  w a s  
t r a n s f e r r e d  i n t o  t h e  t h i n  tu b e s  an d  co m b in ed  w i th  t h e  f i r s t  
e x t r a c t .
The e th e r  e x t r a c t  was e v a p o ra te d  down t o  a  volum e o f  5 -6  ml 
on  a  d r y  b a th  a t  50°C u n d e r  n i t r o g e n .  T hen t h e  e x t r a c t s  w e re  
t r a n s f e r r e d  i n t o  1 0  ml c o n ic a l  g la s s  tu b e s  and th e  w a l l s  o f  th e
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t h i n  tu b e s  w ash ed  t h r e e  t i m e s  w i th  3 m l o f  e t h e r  an d  co m b in ed  
w ith  th e  e x t r a c t  i n  th e  c o n ic a l  tu b e .
The e x t r a c t  w as e v a p o r a te d  t o  a lm o s t  d r y  on  a  d r y  b a th  a t  
50°C u n d er n it ro g e n .  The w a l l s  o f  th e  c o n ic a l  tu b e  w ere  r in s e d  
w i th  a p p r o x im a te ly  0 .5  -  1.0 m l o f  e t h e r  an d  e v a p o r a te d  t o  
d ry n e ss  on th e  d ry  b a th  a t  50°C.
R esid u es  w ere d is s o lv e d  in  100 p i  m ethano l by im m ersio n  o f  
th e  tu b e  in  an  u l t r a s o n ic  w a te r  b a th  f o r  1 - 2  m in u te s  and in j e c te d  
o n to  th e  Hplc column.
Two d i f f e r e n t  H p lc  s y s te m s  w e re  u s e d  f o r  t h e  a n a l y s i s  o f  
p lasm a sam ples. The f i r s t  sy stem , M ethanol : Ammonium c a rb o n a te  
(0 .0 5  M) 70 : 30 was u sed  f o r  th e ' d e te rm in a t io n  o f  fen b en d a zo le  
i n  s h e e p  p la s m a . The H p lc  c o n d i t i o n s  a r e  a s  d e s c r i b e d  i n  
S e c t io n  6 .2 .3 .2  w i th  a  f lo w  r a t e  o f  0 .8  m l.m in .-  ^ F e n b e n d a z o le  
h ad  a  r e t e n t i o n  t im e  o f  5 .0  m in . w h i l e  o x f e n d a z o le  an d  t h e  
s u lfo n e  w ere e lu te d  b o th  to g e th e r  g iv in g  one peak in  t h i s  sy stem . 
T h e r e f o r e  a  s e c o n d  H p lc  s y s te m  w as u s e d  f o r  t h e  q u a n t i t i v e  
d e te rm in a tio n  o f  o x fen d az o le  and th e  s u lfo n e  in  sheep  p lasm a.
The H p lc  s y s te m  w as M e th a n o l : W a te r  65 : 35 [ P e r c h l o r i c  
a c id  (1.1% w /v) 0.5 p l.m l“  ^ s o lv e n t ] .  In  t h i s  system  o x fe n d a z o le  
an d  t h e  s u l f o n e  h ad  a  r e t e n t i o n  t im e  o f  4.6 an d  2 .9  m in u te s
_ - i
r e s p e c t iv e ly  w ith  a  flow  r a t e  o f  0 . 6  m l.m in . .
6 .2 .4  P re p a ra t io n  o f  s ta n d a rd  s o lu t io n s
S to c k  s o l u t i o n s  w e re  p r e p a r e d  fro m  p u r e  d ru g .  100 mg o f
e a c h  a c t i v e  com pound ( t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s ,
f e n b e n d a z o le  an d  i t s  m e t a b o l i t e s )  w as d i s s o l v e d  i n  1 0 0  m l
—1m e th a n o l t o  p r o v id e  a  1000 p g .m l s to c k  s o l u t i o n .  The s t o c k
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s o lu t io n  was u sed  t o  p re p a re  sp ik e d  plasm a sam p les.
T r ic la b e n d a z o le  and m e ta b o l i te s  w ere g i f t s  from  C iba-G eigy , 
o x f e n d a z o l e  a n d  t h e  s u l f o n e  w e r e  g i f t s  f r o m  S y n te x  a n d  
fen b en d a zo le  was a  g i f t  from  H oechst.
6 .2 .5  R e c o v e rie s
D ru g -fre e  p lasm a was f o r t i f i e d  w ith ,  t r i c la b e n d a z o le  and i t s  
m e t a b o l i t e s ,  an d  f e n b e n d a z o le  an d  i t s  m e t a b o l i t e s ,  a t  v a r y in g  
c o n c e n t r a t i o n s .  T h e se  w e re  th e n  ta k e n  th ro u g h , t h e  w h o le  
p r o c e d u r e  o f  e x t r a c t i o n  on  e a c h  o c c a s io n .  T a b le  2 .6.1 sh o w s 
r e c o v e r i e s  o f  t r i c l a b e n d a z o l e  an d  i t s  m e ta b o li te s  on d i f f e r e n t  
o c c a s io n s . T ab le  2.6.2 shows r e c o v e r ie s  o f  fen b en d azo le  and  i t s  
m e t a b o l i t e s .  C a l c u l a t i o n s  o f  p e r c e n ta g e  r e c o v e r y  o b t a i n e d  i n  
e a c h  c a s e  i s  a s  d e s c r i b e d  i n  C h a p t e r  1 S e c t i o n  1 .2 .1 .4 .  
C o n c e n tra tio n s  o f  d ru g  and m e ta b o l i te s  w ere a d ju s te d  f o r  re c o v e ry  
u s in g  t h e  r e c o v e r y  f o r  t h e  a p p r o p r i a t e  f o r t i f i e d  s a m p le  i n  t h e  
s a m e  b a t c h ,  a n d  t h e  sa m e  e q u a t i o n  u s e d  a s  d e s c r i b e d  i n  
S e c tio n  1 .2 .1 .4 .
6 .2 .6  E v a lu a tio n  o f  t r ic la b e n d a z o le  method o f  a n a ly s i s
 The method o f  a n a ly s i s  o f  t r ic la b e n d a z o le  was e v a lu a te d  t o
a s s e s s  th e  r e p r o d u c u b i l i ty  o f  th e  a s s a y  te c h n iq u e  and r e c o v e r ie s  
from  co lum n-clean  up s te p .
2 0  mg o f  t r i c l a b e n d a z o l e ,  t r i c l a b e n d a z o l e  s u l f o x i d e  an d  
t r i c la b e n d a z o le  s u lfo n e  w ere d i s s o l v e d  i n  1 0 0  m l o f  t o l u e n e  t o  
make up a  s to c k  s o lu t io n  c o n ta in in g  2 0 0  pg .m l o f  each  compound.
A s lu r r y  o f  a c id ic  a lu m in a , a c t i v i t y  g rad e  V, i n  hexane was 
m ade up  a s  d e s c r i b e d  i n  S e c t i o n  6 .2 .2 .3 .  The f r e s h l y  p r e p a r e d  
s lu r r y  was s lo w ly  in tro d u c e d  o n to  a  ch ro m a to g rap h ic  colum n w hich  
c o n ta in e d  25 m l o f  h e x a n e  t o  fo rm  a  c o n s t a n t  l a y e r  o f  8 .5  cm
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h e ig h t .
The h e x a n e  w as d r a i n e d  t o  t h e  to p  o f  t h e  co lu m n . T h re e  
t im e s  2  ml o f  th e  s to c k  s o lu t io n  was in tro d u c e d  t o  th e  to p  o f  th e  
colum n and th e  s o lv e n t  a llo w e d  to  p e n e t r a te  th e  colum n each  tim e  
b e fo re  th e  n e x t 2 ml was added. 50 ml o f  hexane was t r a n s f e r r e d  
t o  th e  column and th e  e l u t e  was d is c a rd e d .
The p a re n t  compound was e lu te d  w ith  a  m ix tu re  o f  100 ml o f  
hexane : d ic h lo ro m e th a n e  40 : 60 and th e  e lu e n t  was c o l l e c t e d  a s  
f o u r  s e p a r a t e  f r a c t i o n s  (e a c h  f r a c t i o n  o f  25 m l) i n  m e a s u r in g  
c y l in d e r s .
The m e t a b o l i t e s  w e re  e l u t e d  w i th  a  m ix tu r e  o f  120 m l o f  
d ic h lo ro m eth an e  : m ethano l 98 : 2 and th e  e lu e n ts  w ere c o l le c t e d  
a s  f o u r  s e p a r a t e  f r a c t i o n s  (30 m l e a c h  f r a c t i o n )  i n  m e a s u r in g  
c y l in d e r s .
Each f r a c t i o n  was t r a n s f e r r e d  to  a  50 ml th in - w a l le d  g la s s  
tu b e s  an d  e v a p o r a te d  t o  d r y n e s s  on  a  d r y  b a t h  a t  50°C  u n d e r  
n i t r o g e n .
 R esid u es  w ere  d is s o lv e d  i n  100 p i  m e thano l and in j e c t e d  o n to
th e  Hplc colum n.
T ab le  2 .6 .3  s h o w s  t h e  p e r c e n t a g e  r e c o v e r i e s  o f  
t r i c la b e n d a z o le  and i t s  m e ta b o l i te s  i n  to lu e n e .
A l iq u o t s  o f  d r u g - f r e e  p la s m a  w e re  f o r t i f i e d  w i t h  know n 
a m o u n ts  o f  t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s  an d  w e re  ta k e n  
th ro u g h  th e  e x t r a c t io n  and th e  p a r t i t i o n  s te p s  o f  th e  m ethod o f  
a n a l y s i s  o f  t r i c l a b e n d a z o l e .  The r e s i d u e s ,  o b t a in e d  a f t e r  
e v a p o ra tio n  o f  th e  s o lv e n t  in  th e  p a r t i t i o n  s te p ,  w ere  d is s o lv e d  
in  100 p i  m ethanol and in j e c te d  o n to  th e  H plc colum n.
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The chrom atogram  showed an  e x t r a  peak  i n t e r f e r i n g  w ith  th e  
s u l f o n e  an d  s u l f o x i d e .  T hus t h e  co lu m n  c l e a n  up  s t e p  w as 
n e c e s s a r y  t o  e x c lu d e  an y  s u b s t a n c e s  i n t e r f e r i n g  w i t h  t h e  
m e ta b o l i t e 's  p eak .
A tte m p ts  w e re  m ade t o  e x t r a c t  t r i c l a b e n d a z o l e  an d  i t s  
m e t a b o l i t e s  i n t o  a n o t h e r  s o l v e n t  i . e .  d i - e t h y l  e t h e r .  S in c e  
t r ic la b e n d a z o le  i s  a l s o  a  b e n z im id a z o le  i t  was e x p ec ted  t h a t  i t  
w o u ld  b e  w e l l  e x t r a c t e d  i n t o  e t h e r .  T hus b la n k  p la s m a  an d  
aqueous s o lu t io n  (w a te r)  w ere  f o r t i f i e d  w ith  t r i c la b e n d a z o le  and 
i t s  m e ta b o l i te s  in  d i f f e r e n t  c o n c e n tra t io n s  (S p ikes). They w ere 
c a r r i e d  th r o u g h  t h e  e x t r a c t i o n  p ro c e d u re  f o r  b e n z im id a z o le s  a s  
d e s c r ib e d  by Bogan and M a rr in e r  (1980). The r e s u l t s  showed p o o r 
r e c o v e r ie s  f o r  th e  th r e e  compounds (Mean 16-27% ).
S p ik es  c o n ta in in g  t r ic la b e n d a z o le  and i t s  m e ta b o l i te s  w ere  
e x t r a c te d  in t o  e th e r  from  p h o sp h a te  b u f f e r  w ith  a  pH ran g ed  from  
2 t o  1 0. The r e a s o n  f o r  t h i s  w id e  r a n g e  o f  pH u s e d  w as t h a t  t h e  
pka o f  t r i c la b e n d a z o le  a t  t h i s  t im e  i s  unknown and i t  m ig h t a c t  
a s  a  b a s i c  d ru g  a s  a r e  m o s t m em bers o f  b e n z im id a z o le  b e c a u s e  
t r i c la b e n d a z o le  c o n ta in s  a  s t r u c t u r e  s i m i l a r  t o  th e  b e n z im id a z o le  
s t r u c tu r e .  The b e n z im id a z o le s  h a v e  b e e n  show n t o  e x t r a c t  w e l l  
i n t o  e t h e r  fro m  p h o s p h a te  b u f f e r  pH 7.4  (B ogan an d  M a r r in e r
1980). A l te r n a t iv e ly  t r i c la b e n d a z o le  m ig h t be an  a c i d ic  d ru g  a s  
i n  g e n e r a l  m o s t f a s c i o l i c i d a l  d r u g s  a r e  an d  i t  a l s o  h a s  
s i m i l a r i t i e s  t o  t h e  c h l o r i n a t e d  p h e n o l i c  f l u k i c i d e s .  H ow ever 
r e c o v e r ie s  o b ta in e d  from  th e s e  e x t r a c t io n s  w ere a l s o  poor.
D if f e r e n t  b u f f e r s  ( p h o s p h a te - c i t r a te  and b o ra te  b u f f e r )  w ere
i
a l s o  u s e d  t o  e x t r a c t  t r i c l a b e n d a z o l e  and i t s  m e ta b o l i te s  u s in g  
d i - e t h y l  e th e r  and d ic h lo ro m e th a n e  a s  s o lv e n ts ,  b u t  none o f  them
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gave s a t i s f a c t o r y  r e c o v e r ie s  t o  be s u i t a b l e  f o r  th e  a n a ly s i s  o f  
plasm a sam ples c o n ta in in g  t r i c la b e n d a z o le  and i t s  m e ta b o l i te s .
T h e re fo re  th e  method d e s c r ib e d  i n  S e c t io n  6 .2 .2  w as c h o s e n  
f o r  t h e  a n a l y s i s  o f  t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s .  The 
method was r e l i a b l e ,  s e n s i t i v e  t o  0.05 pg.m l f o r  each  compound 
an d  r e p r o d u c i b l e  (T a b le  2 .6 .1 )  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  
m ethod i s  q u i t e  la b o r io u s  and a  maximum o f  o n ly  fo u r  sam p les 
co u ld  be a n a ly se d  d a i ly  by one p erso n .
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TABLE 2 . 6 . 1
RECOVERIES OF TRICLABENDAZOLE, TRICLABENDAZOLE SULFOXIDE 
AND TRICLABENDAZOLE SULFONE OBTAINED ON DIFFERENT 
OCCASIONS FROM SHEEP PLASMA.
2 4 8
Amount d ru g  
added t o  b la n k  
plasm a
Amount d ru g  m easured
Mean + S.E.M .
R a t io  a s sa y e d
(pg .m l- 1 )
-i
(pg .m l ) t o  added
T r ic la b e n d a z o le
0 . 1 0 .07 0 .09 0 .08 0 .08 0 .08 0.004 0 .8 0
0 .5 0.41 0 .46 0 .42 0 .44 0 .43 0 . 0 1 0 0 . 8 6
1 . 0 0 .80 0 .82 0 .85 0 . 8 8 0 .84 0 . 0 2 0 0 .8 4
4 .0 4 .00 3 .52 3 .68 3 .24 3.61 0.160 0 .9 0
9 .0 8 .4 7 7 .65 7 .47 7 .20 7 .67 0.250 0 .8 5
T r ic la b e n d a z o le
S u lfo x id e
0 . 1 0 .08 0.09 0 .08 0 .0 9 0 .0 9 0.003 0 .9 0
0 .5 0 .43 0 .40 0.41 0 .45 0 .42 0 . 0 1 0 0 .8 4
1 . 0 0 .85 0 .83 0 .80 0 .9 7 0 . 8 6 0 .040 0 . 8 6
4 .0 3 .36 3 .44 3 .28 3 .00 3 .27 0.090 0 .8 2
9 .0 7 .65 8 .46 7 .29 8 . 0 0 7 .8 5 0.250 0 .8 7
T r ic la b e n d a z o le
S u lfo n e
0 . 1 0 .09 0.09 0 .0 9 0 .08 0 .09 0 . 0 0 2 0 .9 0
0 .5 0 .40 0.41 0 .44 0 .40 0.41 0 . 0 1 0 0 .8 2
1 . 0 0 .83 0.81 0.91 0 . 8 8 0 .85 0.030 0 .8 5
4 .0 3 .32 3 .44 3 .20 2 .96 3 .23 0 . 1 0 0 0 .8 0
9 .0 7 .56 7 .7 4 7 .92 7 .38 7 .65 0 . 1 2 0 0 .8 5
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TABLE 2 . 6 . 2
RECOVERIES OF FENBENDAZOLE, OXFERDAZQLE AND QXFENQAZOLE SOLEONE 
OBTAINED ON DIFFERENT OCCASIONS FROM SHEEP PLASMA.
2 5 0
Amount d rug  
added t o  
b la n k  plasm a
(pg .m l- 1 )
Amount d ru g  m easured 
(pg .m l- 1 )
Mean + S.E.M .
R a tio  a ssay ed  
t o  added
F enbendazo le
0 .08 0 .06 0 .08 0 .07 0 .0 7 0 .07 0.004 0 . 8 8
0 . 1 0 0 .09 0 .07 0 .08 0 .08 0 .08 0.004 0 .80
0 . 2 0 0 .16 0 .1 8 0 .17 0 .1 7 0 .17 0.004 0 .8 5
0 .35 0.31 0 .29 0 .29 0 .28 0 .29 0.005 0 .8 3
O xfendazo le
0 .08 0 .06 0 .07 0 .06 0 .07 0 .07 0.003 0 . 8 8
0 . 1 0 0 .08 0 .07 0 .0 8 0 . 1 0 0 .08 0.005 0 .8 0
0 . 2 0 0 .17 0 .15 0 .14 0 .15 0 .15 0.005 0 .7 5
0 .35 0 .26 0 .30 0 .27 0 .26 0 .27 0 . 0 1 0 0 .7 7
O xfendazo le
S u lfo n e
0 .08 0 .07 0 .07 0 .08 0 .0 7 0 .07 0 . 0 0 2 0 . 8 8
0 . 1 0 0 .09 0 .08 0 .09 0 .08 0 .09 0.003 0 .9 0
0 . 2 0 0 .16 0 .17 0 .17 0 .1 8 0 .1 7 0 .004 0 .8 5
0 .35 0 .29 0.31 0 .29 0 .28 0 .29 0.005 0 .8 3
251
TABLE 2 . 6 . 3
PERCENTAGE RECOVERY OF TRICLABENDAZOLE, 'miCLAEENDAZQLE SUUOXIDE 
AND TRICLABENDAZOLE SULECNE IN TOLUENE
% Recovery
Elute Fraction I Fraction II Fraction III Fraction IV Total
I 5.40 90.00 4.80 0.34 100.54
(triclabendazole)
II (Triclabendazole 0.09 78.70 19.30 0.48 98.57
Sulfoxide)
II (triclabendazole 0.06 78.30 21.30 0.50 100.16
Sulfone)
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FIGURE 2 .6 .1
HIGH PERFORMANCE LIQUID CHROMATOGRAMS OF A STANDARD SOLUTION 
OF OXFENDAZOLE AND THE SULFONE (A), TRICLABENDAZOLE SULFONE (B) 
TRICLABENDAZOLE SULFOXIDE (C) ,  FENBENDAZOLE (D) AND 
TRICLABENDAZOLE (E) IN METHANOL.
2 5 3

6 .3  E xperim en ts  w ith  t r ic la b e n d a z o le  and fen b en d a zo le
6 .3 .1  M a te r ia ls  and m ethods
6 .3 .1 .1  A nim als
S ix  s h e e p  o f  d i f f e r e n t  b r e e d  an d  s e x ,  a g e d  b e tw e e n  o n e  and  
f i v e  y e a r s ,  w eigh ing  36 -  61 k g . w ere u sed  in  th e  e x p e rim e n t.
The s h e e p  w e re  d i v i d e d  i n t o  t h r e e  g ro u p s  ( tw o  i n  e a c h  
g ro u p ) .  E ach  g ro u p  w as k e p t  s e p a r a t e l y  on  s t r a w  i n  a  c o n c r e t e  
p en  an d  w e re  f e d  on  h a y  an d  c o n c e n t r a t e s  d i e t  w h i le  w a te r  w as 
a v a i la b l e  ad  l ib i tu m .
6 .3 .1 .2  Drug a d m in is t r a t io n
A d m i n i s t r a t i o n  o f  t h e  d ru g  w as c a r r i e d  o u t  on  t h r e e  
o c c a s io n s . The sheep  w ere d renched  o r a l l y  u s in g  a  s y r in g e  p la c e d  
on  t h e  b a c k  o f  t h e  to n g u e  an d  t h e  h e a d  o f  t h e  s h e e p  w as h e l d  up  
a f t e r  t h e  a d m i n i s t r a t i o n  t o  e n s u r e  t h a t  a l l  t h e  g iv e n  d o s e  w as 
sw allow ed by th e  an im a l.
T he  f o r m u l a t i o n s  u s e d  w e r e  i n  t h e  fo rm  o f  a q u e o u s  
s u s p e n s i o n s ;  p r o p e r  s h a k i n g  w as  e n s u r e d  b e f o r e  t h e i r  
a d m in is t r a t io n .
T hree fo rm u la tio n s  w ere u sed  in  t h i s  e x p e rim e n t: -
(1) T r ic la b e n d a z o le  5% w /v (F a s in e x ) .
(2 )T r ic la b e n d a z o le /F e n b e n d a z o le 2 .5 % /2 .5 % w /v (F a s in e x /P a n a c u r ) .
(3) Fenbendazo le  10% w /v (P a n a c u r) .
F o r m u la t io n s  (1) a n d  (2) w e re  e x p e r i m e n t a l  s u s p e n s i o n s  
s u p p lie d  by C iba-G eigy . F o rm u la tio n  (3) was p u rc h a se d .
6 .3 .1 .3  E x p erim en ta l D esign
The a n im a ls  w ere w eighed  one day b e fo re  th e  f i r s t  t r i a l  and 
th e y  w ere n o t re -w e ig h ed . The do se  f o r  each  sh eep  was c a l c u la te d
on th e  b a s i s  o f  t h i s  w e ig h t and rem a in ed  th e  same f o r  eac h  o f  th e  
th r e e  t r i a l s .
The a d m in is t r a t io n  o f  th e  fo rm u la tio n s  w ere c a r r i e d  o u t  on 
t h r e e  o c c a s i o n s .  E a c h  g r o u p  w a s  d o s e d  w i t h  o n e  o f  t h e  
f o r m u la t io n s  on  e a c h  o c c a s io n ,  a t  a  d o s e  r a t e  o f  1 0  m g.kg o f  
bodyw eight o f  each  compound.
The i n t e r v a l  betw een  each  t r i a l  ran g ed  from  4-5 w eeks. T h is  
i n t e r v a l  was im p o r ta n t t o  e n su re  t h a t  th e  sheep  had r e p la c e d  th e  
b l o o d  l o s s e s  d u e  t o  f r e q u e n t  s a m p l i n g  (a s  tw o  d i f f e r e n t  
a n a l y t i c a l  p r o c e d u r e s  w e re  r e q u i r e d  f o r  t r i c l a b e n d a z o l e  an d  
f e n b e n d a z o le .  2 0  m l o f  b lo o d  w e re  b e in g  ta k e n  a t  e a c h  s a m p l in g  
t im e ) .
The a n i m a l 's  w e ig h t ,  d o s e  v o lu m e  an d  t h e  t r i a l  d a t e s  a r e  
g iv e n  i n  T a b le  2 .6 .4 .
6 . 3 .1 .4  Sam ples f o r  a n a ly s i s
Blood sam p les w ere o b ta in e d  by v en ep u n c tu re  b e fo re  and a t  1, 
2 , 4 , 8 , 12 , 24 , 36 , 48 , 72 , 96 , 120 , 144 , 168 , 192 , 2 1 6 , 2 4 0 , 
264, 288 and 312 h o u rs  a f t e r  each  a d m in is t r a t io n .
Sam pling  o f  b lo o d  and th e  t r e a tm e n t  o f  b lood  sam p les w ere  a s  
d e s c r ib e d  i n  C h ap te r 2 S e c t io n  2 .2 .2 .4 .
6 .3 .1 .5  Method o f  a n a ly s i s
Two d i f f e r e n t  m ethods o f  a n a ly s i s  w ere used  f o r  th e  p la sm a 
sam p les c o n ta in in g  t r i c la b e n d a z o le  and fe n b en d a zo le , th e y  w ere  a s  
d e s c r ib e d  in  S e c tio n  6 .2 .2  and S e c t io n  6 .2 .3  r e s p e c t iv e ly .
6 .4  B ind ing  o f  t r i c la b e n d a z o le  and i t s  m ajo r m e ta b o li te s  t o
plasm a p r o te in s
B in d in g  o f  t r i c l a b e n d a z o l e  an d  i t s  m a jo r  m e t a b o l i t e s  t o  
p lasm a p r o te in s  in  sheep  was in v e s t ig a te d  in  v i t r o .  The p la sm a
2 5 5
s a m p le  u s e d  i n  t h i s  i n v e s t i g a t i o n  c o n ta in e d  6 , 9 , 1 2 , 22 and  
30 pg .m l o f  each  compound.
2 m l o f  e a c h  p la s m a  s a m p le s  w e re  in t r o d u c e d  i n t o  A m icon 
m ic ro c o n c e n tra to r s  w hich had a  1 0 , 0 0 0  m o le c u la r  w e ig h t e x c lu s io n  
(F ig . 2.1 .2). The sam p les w ere s u b je c te d  t o  c e n t r i f u g a t io n  u s in g  a  
f ix e d  r o t o r  MSE c e n t r i f u g e  a t  5000 x g f o r  two h o u rs .
F i l t r a t e s  c o l le c t e d  in  th e  r e s e r v o i r  cap  w ere a n a ly se d  f o r  
t h e  c o n c e n t r a t i o n  o f  f r e e  d ru g  u s in g  a  h ig h  p e r fo rm a n c e  l i q u i d  
ch ro m ato g rap h ic  method a s  d e s c r ib e d  in  S e c tio n  6 .2 .2 .
6 .5  B i l i a r y  e x c re t io n  o f  t r ic la b e n d a z o le
One sheep  w eigh ing  35 kg was g iv e n  t r i c la b e n d a z o le  (F asinex ) 
o r a l l y  a t  a  d o s e  r a t e  o f  1 0 m g.kg . F o r t y - e i g h t  h o u r s  a f t e r  
a d m in is t r a t io n  th e  sheep  was s la u g h te re d  and sam p les o f  b lo o d  and 
b i l e  w ere c o l le c t e d  f o r  a n a ly s i s .  These w ere a n a ly se d  by a  h ig h  
perfo rm ance l i q u id  chrom atography a s  d e s c r ib e d  in  S e c tio n  6 .2 .2 .
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TABLE 2 . 6 . 4
EXPERIMENTAL DESIGN PGR TRICLABENDAZOLE ,
2 5 7






Volume a d m in is te re d  
(ml)
F o rm u la tio n
1 1 47 .7 9 .54
] ( 1 )
91 41 .0 8 . 2 0
90 61 .0 24.40 ]
2 4 .4 .8 4 . ] ( 2 )
23 54 .5 21 .80 ]
0 3 6 .4 3 .64 ]
] (3)
1 2 4 1 .0 4 .10 ]
1 1 4 7 .7 19.08 ]
] ( 2 )
91 4 1 .0 16.40 ]
90 6 1 .0 6 . 1 0 ]
2 9 .5 .8 4 . ] (3)
23 5 4 .5 5 .4 5
0 36 .4 7 .2 8 ]
] ( 1 )
1 2 41 .0 8 . 2 0 ]
1 1 4 7 .7 4 .77 ]
] (3)
91 4 1 .0 4 .10 ]
90 61 .0 1 2 . 2 0
2 .7 .8 4 . ] ( 1 )
* 23 5 4 .5 1 0 . 8 8 ]
0 36 .4 14.56 ]
] ( 2 )
1 2 41 .0 16.40 ]
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6.6 Results
6 .6 .1  D e te rm in a tio n  o f  t r i c la b e n d a z o le  and fe n b en d a zo le  in
sheep  plasm a
No p a r e n t  t r i c l a b e n d a z o l e  w as m e a su re d  i n  a n y  p la sm a  
sam p les , a t  any tim e . However in  a  few  e a r l y  sam p les  th e r e  was 
p o s s ib le  t r a c e  am ounts p r e s e n t  a t  th e  l i m i t  o f  d e t e c t io n  o f  th e  
m ethod (0 .0 5  pg .m l
I n d i v i d u a l  a n d  t h e  m ean  +_ S .E .M . c o n c e n t r a t i o n  o f  
t r i c l a b e n d a z o l e  s u l f o x i d e  an d  t r i c l a b e n d a z o l e  s u l f o n e  a t  e a c h  
s a m p l in g  t im e  i n  t h e  p la s m a  o f  s i x  s h e e p  a f t e r  t h e  o r a l  
a d m i n i s t r a t i o n  o f  t r i c l a b e n d a z o l e  a lo n e  an d  i n  a  c o m b in e d  
p r e p a r a t i o n  w i th  f e n b e n d a z o le  a r e  show n i n  T a b le s  2 . 6 .5 .1 ,  
2 . 6 .5 . 2 , 2 . 6 . 6 . 1  an d  2 . 6 . 6 . 2  r e s p e c t i v e l y .
The p la s m a  c o n c e n t r a t i o n  i n  e a c h  s h e e p  an d  t h e  m ean 
c o n c e n t r a t i o n  +_ S .E .M . o f  f e n b e n d a z o l e ,  o x f e n d a z o l e  a n d  
o x f e n d a z o le  s u l f o n e  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  f e n b e n d a z o le  
a lo n e  o r  i n  c o m b in a t io n  w i th  t r i c l a b e n d a z o l e  a r e  p r e s e n t e d  i n  
T a b le s  2 .6 .7 .1 , 2 . 6 .7 .2 ,  2 .6 .8 .1 , 2 . 6 . 8 .2 ,  2 . 6 .9.1 an d  2 . 6 .9 .2
r e s p e c t iv e ly .
F i g u r e s  2 .6 .3  a n d  2 .6 .4  r e s p e c t i v e l y  sh o w  t h e  m e an  
c o n c e n t r a t i o n s / t i m e  p r o f i l e  f o r  t r i c l a b e n d a z o l e  s u l f o x i d e ,  
t r i c l a b e n d a z o l e  s u l f o n e  an d  f e n b e n d a z o le ,  o x f e n d a z o le  an d  
o x f e n d a z o le  s u l f o n e  o f  s i x  s h e e p  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  
F a s in e x  (F), F a s in e x /P a n a c u r  (F/P) and P anacu r (P).
A p p r o p r i a t e  g r a p h i c a l  a n a l y s i s  o f  i n d i v i d u a l  p l a s m a  
c o n c e n tr a t io n / t im e  c u rv e s  (Sedman and W agner, 1976) in d ic a te d  a  
t r i p h a s i c  d is a p p e a ra n c e  o f  t r ic la b e n d a z o le  s u lfo x id e  and b ip h a s ic  
d i s a p p e a r a n c e  o f  t r i c l a b e n d a z o l e  s u l f o n e ,  f e n b e n d a z o le ,
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o x fen d az o le  and o x fen d az o le  s u lfo n e  w hich c o u ld  be d e s c r ib e d  by 
t h e  e q u a t io n  (C = Ae_c^  + Be~@t + Ce
V alues o f  th e  p h a rm a c o k in e tic  p a ra m e te rs  o f  t r i c la b e n d a z o le  
s u lfo x id e ,  t r ic la b e n d a z o le  s u lfo n e , fen b en d a zo le , o x fe n d a z o le  and 
o x f e n d a z o le  s u l f o n e  a r e  show n i n  T a b le s  2 .6 .1 0 , 2 .6 .1 1 , 2 .6 .1 2 , 
2 .6 .1 3  an d  2 .6 .1 4  r e s p e c t iv e l y .
T he m axim um  m ean  c o n c e n t r a t i o n s  o f  t r i c l a b e n d a z o l e  
s u lfo x id e s  in  p lasm a w ere 12.84 and 11.04 pg.m l 1 w hich o c c u rre d  
36 h o u rs  a f t e r  a d m in is t r a t io n  o f  F and F /P  r e s p e c t iv e ly .
T r ic la b e n d a z o le  s u lfo n e  reac h ed  maximum mean c o n c e n tr a t io n s ,
_ i
i n  p l a s m a ,  o f  1 0 .9 0  a n d  1 3 .0 0  p g .m l  a t  48 h o u r s  a f t e r  
a d m in is t r a t io n  o f  F /P  and F r e s p e c t iv e ly .
The mean p lasm a c o n c e n tra t io n s  o f  t r i c la b e n d a z o le  s u lfo x id e  
and t r i c la b e n d a z o le  s u lfo n e  f e l l  below  th e  l i m i t  o f  d e t e c t io n  a t  
288 an d  264 h o u r s  r e s p e c t i v e l y  a f t e r  a d m i n i s t r a t i o n  o f  b o th  
fo rm u la t io n s .
A l th o u g h  t h e r e  w e r e  i n d i v i d u a l  v a r i a t i o n s  i n  p la s m a  
fen b en d azo le  c o n c e n tr a t io n s ,  th e  maximum c o n c e n tr a t io n  w ere  0.34 
and 0.35 pg.m l o c c u r r in g  24 h o u rs  a f t e r  a d m in is t r a t io n  o f  P and 
F /P  r e s p e c t iv e l y .
O x fe n d a z o le  a t t a i n e d  a  maximum c o n c e n t r a t i o n  i n  p la s m a  
b e tw e e n  24 an d  36 h o u r s  a t  0 .45  an d  0.41 p g .m l an d  a t  0 .54  an d  
0 .53  pg .m l-  ^ a f t e r  a d m in is t r a t io n  o f  P and F /P  r e s p e c t iv e ly .
The p lasm a c o n c e n tr a t io n s  o f  f e n b e n d a z o le  an d  o x f e n d a z o le  
w e re  n o t  m e a s u r a b le  a t  144 an d  168 h o u r s  r e s p e c t i v e l y  a f t e r  
a d m in is t r a t io n  o f  b o th  fo rm u la tio n s .
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O x fe n d a z o le  s u l f o n e  a t t a i n e d  a  maximum c o n c e n t r a t i o n  i n  
p la sm a a t  48 h o u rs  a f t e r  a d m in is t r a t io n  o f  th e  s in g le  (P) and th e  
com bined p r e p a r a t io n  (F /P ) .  The c o n c e n t r a t i o n s  o f  o x f e n d a z o le  
s u lfo n e  s t a r t e d  t o  f e l l  below  th e  d e t e c t io n  l i m i t  be tw een  144 and 
168 h o u r s  a f t e r  a d m i n i s t r a t i o n  o f  P an d  a t  192 h o u r s  a f t e r  
a d m in is t r a t io n  o f  F /P .
F o r  e a c h  o f  t h e  d ru g  m e t a b o l i t e s  m e a s u re d , a  tw o -w a y  
a n a l y s i s  o f  v a r i a n c e  w as u s e d  t o  c o m p are  t h e  v a r i a t i o n s  i n  t h e  
p lasm a c o n c e n tra t io n  a t  each  sam p lin g  t im e  i n  th e  s ix  sheep  a f t e r  
a d m in is t r a t io n  o f  t r i c l a b e n d a z o le  an d  f e n b e n d a z o le  a lo n e  o r  i n  
com b in a tio n  (T ab le  2 .6 .1 5 ) .
The r e s u l t s  re v e a le d  s i g n i f i c a n t  d i f f e r e n c e s  a t  a  few  sam ple  
t i m e s  b e t w e e n  t h e  s i n g l e  a n d  c o m b in e d  f o r m u l a t i o n  f o r  
t r i c l a b e n d a z o l e  s u l f o x i d e ,  t r i c l a b e n d a z o l e  s u l f o n e  a n d  
f e n b e n d a z o le .  The p la s m a  c o n c e n t r a t i o n s  a t  t h e s e  t i m e s  w e re  
fo u n d  t o  b e  s i g n i f i c a n t l y  h ig h e r  (P >0.05) w hen t h e  co m b in e d  
f o r m u l a t i o n  w a s  a d m i n i s t e r e d .  A t n o  t i m e ,  w e r e  t h e  
c o n c e n t r a t i o n s  o f  o x f e n d a z o l e  a n d  o x f e n d a z o l e  s u l f o n e  
s ig n i f i c a n t l y  d i f f e r e n t  betw een  fo rm u la tio n s .  Some s i g n i f i c a n t  
d i f f e r e n c e s  (P >0.05) w e re  fo u n d  b e tw e e n  o c c a s io n s  f o r  a l l  
compounds e x c e p t o x fen d az o le  s u lfo n e  w ith  th e  s u g g e s tio n  t h a t  on 
th e  second o c c a s io n  th e r e  was g r e a t e r  b i o - a v a i l a b i l i t y .  However, 
i n  com paring  th e  fo rm u la tio n s  th e r e  i s  no c l e a r  ev id en ce  t h a t  an  
i n t e r a c t io n  o c c u rs  betw een  fen b en d a zo le  and t r i c la b e n d a z o le  such  
t h a t  t h e i r  p h a rm a c o k in e tic s  a r e  a f f e c t e d  e i t h e r  ad v a n ta g e o u s ly  o r  
d is a d v a n ta g e o u s ly  when each  d ru g  was a d m in is te re d  a lo n e  o r  co ­
a d m in is te re d .
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6.6.2 B ind ing  o f  t r ic la b e n d a z o le  and i t s  m a jo r m e ta b o l i te s  to
plasm a p r o te in s
A n a ly s i s  o f  p la sm a  u l t r a f i l t r a t e s  c o n t a i n i n g  t h e  p a r e n t  
t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s  s e p a r a t e l y  s h o w e d  no  
d e te c ta b le  c o n c e n tra t io n  o f  any o f  th e s e  compounds a t  th e  l i m i t  
o f  d e te c t io n  o f  th e  method (0 .0 5  pg .m l ' ) .
The f i l t e r  u sed  had a  m o le c u la r  w e ig h t e x c lu s io n  o f  10,000 
a n d  s i n c e  t h e  m o l e c u l a r  w e i g h t  o f  t r i c l a b e n d a z o l e ,  
t r i c la b e n d a z o le  s u lfo x id e  and t r ic la b e n d a z o le  s u lfo n e  a r e  359.6, 
375.6  and  391 .6  r e s p e c t i v e l y ,  t h e r e f o r e  th e y  s h o u ld  b e  e l u t e d  
th ro u g h  th e  f i l t e r .
S in c e  t h e  l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d  i s  0 .05 p g .m l
_ - i
and th e  h ig h e s t  c o n c e n tra t io n  u sed  i s  30 pg.m l th e  c a lc u la te d
p e r c e n ta g e  o f  b in d in g  ( a c c o r d in g  t o  t h e  e q u a t io n  d e s c r i b e d  i n
S e c t io n  1 .4 .1 ) w i l l  b e :
% bound = > 100 -  (0 .05  x 100)
30
= > 100 -  0 .17
= > 99%
The f a c t  t h a t  t h e s e  com pounds w e re  n o t  d e t e c t e d  i n  t h e  p la s m a  
u l t r a f i l t r a t e  d e m o n s t r a te s  t h a t  a  v e r y  h ig h  d e g r e e  o f  p r o t e i n  
b in d in g  (> 99%) o c c u rs  w ith  t r i c la b e n d a z o le  and i t s  m e ta b o l i te s .
6 .6 .3  B i l i a r y  e x c r e t io n  o f  t r i c la b e n d a z o le
The p a r e n t  t r i c l a b e n d a z o l e  w as e x c r e t e d  i n  s m a l l  a m o u n ts  
—  1(0 .6 0  p g .m l ) i n  b i l e  s a m p le  o b ta in e d  a t  s l a u g h t e r  (48 h o u r s  
a f t e r  d ru g  a d m i n i s t r a t i o n )  w h i le  in  th e  p lasm a t r i c la b e n d a z o le  
w as n o t  d e t e c t e d  a t  t h e  l i m i t  o f  d e t e c t i o n  o f  t h e  m e th o d
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(0 .0 5  jjg .m l ^ ) .
T he c o n c e n t r a t i o n s  o f  t r i c l a b e n d a z o l e  s u l f o x i d e  an d  
t r i c la b e n d a z o le  s u lfo n e  in  b i l e  w ere 4.85 and 3.80 pg.m l and in  
th e  p lasm a th e y  w ere 7.50 and 10.50 pg.m l r e s p e c t iv e ly .
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TABLE 2 . 6 . 5 . 1
CONCENTRATIONS (pg .m l- 1 ) OF TRICLABENDAZOLE SOLEDXIDE
IN PLASMA OF SIX SHEEP AFTER ORAL ADMINISTRATION
OF TRICLABENDAZOLE ALONE (FASINEX).
264
Time
h o u rs 1 0 1 2 1 1
Sheep no . 
91 23 90 Mean + S .E.M.
B ase
l i n e
0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 .34 0 . 2 1 0 .2 5 0 .37 0 .3 2 0 .16 0 .28 _+ 0 .0 3
4 1 . 0 0 1 .72 1.56 3 .50 0 .98 0 .92 1 .60 + 0 .40
8 6 .50 5 .46 7 .83 8 .50 4.11 1 .80 5 .70 Hb 1 . 0 0
1 2 6.70 8 . 0 0 9 .30 11.30 6 .57 2.61 7 .40 _+ 1 . 2 0
24 12.50 1 0 . 0 0 12.74 19.00 7 .20 5 .93 1 1 . 2 2 +_ 1 .9 2
36 10.90 13.30 13.87 2 0 . 0 0 9 .46 9 .52 12.84 _+ 1 .62
48 7 .00 8 .60 9 .93 15.00 9 .07 6 .46 9 .34 + 1 .2 5
72 4.80 5 .80 4 .60 7 .32 3 .75 4 .15 5 .07 +_ 0 .5 3
96 2 .90 2 . 2 0 1.48 2 .80 1 .33 2 .72 2 .24 + 0 .2 8
1 2 0 1 . 2 0 1 . 0 0 0 .38 1 .70 0 .69 1 .76 1 . 1 2 _+ 0 . 2 2
144 0 .44 0 .47 0 .28 1 .30 0 .58 0 .98 0 . 6 8 _+ 0 .1 5
168 0 .40 0 . 2 0 0.18 1 .36 0 .49 0 .60 0 .54 + 0 .1 7
192 0 .34 0 .18 0 .43 0 . 1 2 0 .40 0 .37 0 .30 _+ 0 .0 5
216 0 .17 0.16 0 .37 0 . 1 0 0 .25 0 .18 0 . 2 0 _+ 0 .03
240 0 .14 0 .05 0 .36 0 .07 0 .08 0 .07 0 .13 +_ 0 .0 4
264 0 0 0 . 1 2 0 0 0 0 . 0 2 + 0 . 0 1
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 5 . 2
O3NCENIRATI0NS (pg .m l- 1 ) CF TRICLABENDAZOLE SULFOXIDE IN PLASMA
OF SIX SHEEP AFTER ORAL ADMINISTRATION OF TRICLABENDAZOLE
IN A COMBINED PREPARATION WITH FENBENDAZOLE (FASINEX/PANACUR)
2 6 6
Time
h o u rs 1 0 1 2
Sheep no . 
11 91 23 90 Mean + S.E.M.
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0.53 0.56 0 .26 0 0 0 .13 0 .25 + 0 . 1 0
4 1 .54 1 .05 1 . 2 2 0 .93 0 .45 0 .3 5 0 .92 + 0 .1 8
8 4 .42 4 .40 1 .90 4 .34 2 .27 0 .70 3 .00 + 0 .6 5
1 2 5 .80 7 .48 7 .44 9 .30 3.88 2 .17 6 . 0 0 + 1 .07
24 1 0 . 0 0 9.10 13.50 7 .40 5 .87 5 .90 8 .63 + 1 . 2 0
36 9 .12 8 . 1 0 17.00 9 .40 10.38 1 2 . 2 1 11 .04 + 1 .32
48 6 . 2 0 7 .75 15.40 9 .00 8 .17 10.90 9 .60 + 1 .32
72 2 .90 5.10 1 0 . 0 0 4 .60 4 .25 11.80 6 .44 + 1 .46
96 1 .40 2 .74 4 .44 1 .50 3 .44 8 .50 3 .67 + 1 .07
1 2 0 0 .64 1 .60 1 .40 1 .80 1 . 6 8 4.74 1 .97 + 0 .5 7
144 0 . 2 0 0 .57 1 . 1 0 0 .70 0.91 2 .16 0 .94 + 0 .27
168 0 .16 0 .37 0 .60 0 .33 0 .33 0 .14 0 .32 + 0 .06
192 0 . 1 0 0.23 0 . 2 0 0 .14 0 .29 0 .06 0 .1 7 + 0 .03
216 0.07 0 .16 0 .19 0 . 1 0 0 .1 5 0 0 . 1 1 + 0 . 0 2
240 0 0 .06 0 . 1 0 0.06 0 .08 0 0 .05 + 0 . 0 1
264 0 0 0 .05 0 0 .07 0 0 .0 9 + 0 . 0 1
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
2 6 7
TABLE 2 . 6 . 6 . 1
CENCENTRATIONS (p g .m l- 1 ) OF IRIdABENDAZOLE SULEONE
IN PLASMA OF SIX SHEEP AFTER ORAL ADMINISTRATION
OF TRICLABENDAZOLE ALONE (FASINEX).
2 6 8
Time
h o u rs 1 0 1 2
Sheep no . 
11 91 23 90 Mean + S.E.M,
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 .09 0 .24 0 .30 0 .23 0 .24 0 .08 0 .1 9 + 0 .03
4 0 .30 0.51 0 .6 4 0 .83 0 .75 0 .55 0 .6 0 + 0 .07
8 1.50 1 . 2 2 2 .7 0 2 . 1 2 1 .79 1 . 8 8 1 .87 + 0 . 2 1
1 2 2.50 2 .80 4 .00 5 .0 0 3 .56 3 .13 3 .5 0 + 0 .3 7
24 9.80 6 .70 9 .50 13.00 6 .89 9 .60 9 .25 + 0 .94
36 11.30 14.40 15.34 16.20 8 .3 7 9 .72 12 .55 + 1.31
48 9 .50 12.50 14.53 18.00 11.45 11.60 13.00 + 1 . 2 1
72 9 .00 7 .20 10.43 13.00 5 .8 2 6 .06 8 .6 0 + 1.41
96 7 .10 6 .70 5 .40 6 .30 4 .49 2 .64 5 .44 + 0 . 6 8
1 2 0 3 .70 3 .00 3 .70 3 .40 3 .34 1 . 1 0 3 .00 + 0 .4 0
144 1 .23 2 .40 1 . 1 0 1 . 2 0 1 .07 0 .95 1 .33 + 0 . 2 1
168 0 .80 1 . 0 0 0 .47 0 .42 0 .82 0 .63 0 .70 + 0 .0 9
192 0 .43 0 .54 0 .19 0 .26 0 .52 0 .35 0 .38 + 0 .0 5
216 0 . 2 0 0 .25 0 .09 0 .13 0 .13 0 . 2 1 0 .1 7 + 0 . 0 2
240 0 .09 0 .05 0 0 .06 0 .09 0 .07 0 .06 + 0 . 0 1
264 0 .05 0 0 0 0 0 0 + 0 . 0 1
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 6 . 2
CONCENTRATIONS (pg .m l- 1 ) OF TRICLABENDAZOLE SULFONE IN PLASMA
OF SIX SHEEP AFTER ORAL ADMINISIRATION OF TRICLABENDAZOLE IN A
COMBINED PREPARATION WITH FENBENDAZOLE (FASINEX/PANACUR) .
270
Time
h o u rs 10 12
Sheep no .
11 91 23 90 Mean ±  S.E.M.
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 .10 0 .12 0 .10 0 .1 8 0 0 .5 0 .0 9 + 0 .02
4 0 .7 0 0 .44 0 .24 0 .5 2 0 .18 0 .28 0 .40 + 0 .0 7
8 3 .50 2.21 0.31 1 .80 0 .59 2 .44 1 .80 + 0 .4 8
12 6 .80 3 .90 2 .1 0 3 .83 1 .65 5 .00 3 .8 8 + 0 .7 7
24 7 .73 7 .53 6 .00 5 .26 3 .3 2 9 .64 6 .60 + 0 .9 0
36 9 .00 7 .43 10.00 11.40 8 .4 5 11.24 9 .60 + 0 .6 4
48 8 .30 9 .24 13.00 12.60 8 .7 5 13.30 10.90 + 0 .9 5
72 4 .40 6 .00 13.80 10.20 8 .1 8 8 .10 8 .4 4 + 1 .3 5
96 2 .80 4 .60 9 .20 6 .00 7 .83 4 .34 5 .8 0 + 0 .9 7
120 1 .64 2 .80 4 .14 5 .30 3 .22 1 .83 3 .16 + 0 .5 7
144 0 .76 2 .00 3 .70 2 .50 2 .5 7 0 .78 2 .0 5 + 0 .4 6
168 0 .56 1 .28 2 .00 0 .62 1.51 0 .73 1 .12 + 0 .2 3
192 0 .27 0 .78 0 .80 0 .44 0 .95 0 .45 0 .6 2 + 0 .1 0
216 0 .16 0 .60 0 .40 0 .30 0 .56 0 .20 0 .3 7 + 0 .0 7
240 0 .07 0 .33 0 .18 0 .28 0 .33 0 .8 0.21 + 0 .0 5
264 0 .05 0 .16 0 .10 0 .06 0 .1 6 0 0 .0 8 + 0 .0 2
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 7 . 1
(XJNCEira&TIONS (p g .m l- 1 ) OF FENBENDAZOLE IN PLASMA CF SIX SHEEP
AFTER ORAL ADMINISTRATION OF FENBENDAZOLE ALONE (PANACUR).
272
Time




91 23 90 Mean + S.E.M .
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 .02 0 .02 0 .04 0 0.01 0
4 0 .03 0 .09 0 .13 0 .1 2 0 .15 0 .13 0 .1 0 + 0.01
8 0 .13 0 .20 0 .27 0 .26 0 .26 0 .28 0 .2 3 + 0 .0 2
12 0 .1 9 0 .23 0 .38 0 .36 0 .28 0 .38 0 .3 0 + 0 .0 3
24 0.31 0 .30 0 .35 0 .33 0 .27 0 .47 0 .3 4 + 0 .0 2
36 0 .23 0 .22 0 .27 0 .26 0.21 0 .26 0 .2 4 + 0.01
48 0 .19 0 .17 0 .18 0 .1 7 0 .15 0 .28 0 .1 9 + 0.01
72 0 .06 0 .04 0 .09 0 .0 8 0 .12 0 .13 0 .08 + 0.01
96 0 .02 0 .03 0 .03 0 .03 0 .06 0 .05 0 .03 + 0.01
120 0 0 0 0 .02 0 .05 0 0.01 + 0.01
144 0 0 0 0 0 0 0 0
168 0 0 0 0 0 0 0 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 7 . 2
COSKSSTIRATIONS (p g .m l-1 ) OF FENBENDAZOQUE IN PLASMA OF SIX 
SHEEP AETER ADMINISIRATION OF FENBENDAZQEE IN A COMBINED 
PREPARATION WITH IKECLABENDAZQLE (FASINEX/PANACCIR) .
274
Time
h o u rs 10 12
Sheep no . 
11 91 23 90 Mean + S.E.M.
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 .07 0 .08 0 0 0 0 .02 0 .0 2 + 0.01
4 0 .18 0 .22 0 .07 0 .06 0 .0 4 0 .04 0 .1 0 + 0 .02
8 0 .29 0 .30 0 .28 0 .4 7 0 .13 0 .13 0 .2 6 + 0 .05
12 0 .26 0 .28 0.33 0 .60 0 .1 5 0 .18 0 .3 0 + 0 .06
24 0.21 0 .27 0.53 0 .5 5 0 .25 0 .30 0 .3 5 + 0 .0 5
36 0.11 0 .16 0 .33 0 .4 0 0 .20 0 .2 4 0 .2 4 + 0 .0 4
48 0.09 0 .15 0 .25 0 .30 0 .25 0 .25 0.21 + 0 .0 2
72 0 .04 0 .07 0 .16 0 .13 • 0 .15 0 .17 0 .1 2 + 0 .0 2
96 0.01 0.02 0 .08 0 .05 0 .08 0 .09 0 .0 5 + 0.01
120 0 0.01 0 0 0 .03 0 .0 4 0.01 0
144 0 0 0 0 0 0 0 0
168 0 0 0 0 0 0 0 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 8 . 1
CONCENTRATIONS (pg .m l- 1 ) OF OXFENDAZQLE IN PLASMA OF SIX
SHEEP AETER ADMINISTRATION OF FENBENDAZQLE ALONE (PANADUR).
276
Time
h o u rs 10 12
Sheep no . 
11 91 23 90 Mean + S.E.M .
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
4 0 0 0 .10 0 .10 0 .0 4 0 .04 0 .0 4 + 0.01
8 0 .0 4 0 .18 0 .15 0 .16 0 .1 7 0 .20 0 .1 5 + 0 .02
12 0 .10 0 .40 0 .25 0 .2 4 0 .2 5 0 .44 0 .2 8 + 0 .05
24 0 .29 0 .55 0 .34 0 .3 4 0 .38 0.81 0 .4 5 + 0 .07
36 0 .26 0 .37 0 .43 0 .42 0 .50 0 .53 0.41 + 0 .03
48 0 .23 0 .36 0 .27 0 .3 0 0 .4 4 0 .63 0 .3 7 + 0 .05
72 0.11 0 .15 0.26 0 .26 • 0.31 0 .35 0 .2 4 + 0 .0 3
96 0 .05 0 .09 0 .05 0 .06 0 .1 7 0.11 0 .08 + 0.01
120 0 0 .02 0 .07 0 .07 0 .04 0 0 .0 4 + 0.01
144 0 0 0 .05 0 .05 0 0 0.01 + 0.01
168 0 0 0 .02 0 .03 0 0 0 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 8 . 2
(XNCENmATIONS (pg .m l- 1 ) OF QXFENDAZOLE IN PLASMA OF SIX SHEEP
AFTER ADMINISTRATION OF FENBENDAZOLE IN A COMBINED
PREPARATION WITH TRICLABERDAZQLE (FASINEX/PANACUR).
2 7 8
Time
h o u rs 1 0 1 2
Sheep no . 
11 91 23 90 Mean + S.E.M.
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 .08 0 0 0 0 0 0 . 0 1 + 0 . 0 1
4 0 .15 0 .08 0 .05 0 .0 5 0 0 0 .0 5 + 0 . 0 2
8 0 .35 0 .30 0 .18 0 .2 7 0 . 0 1 0 . 1 0 0 . 2 0 + 0 .0 5
1 2 0.41 0 .47 0 .50 0 .5 4 0 .05 0 .17 0 .3 5 + 0 . 0 1
24 0 .40 0 .45 1 . 1 0 0 .74 0 . 2 0 0 .36 0 .5 4 + 0 .13
36 0.41 0 .47 0 .98 0 .6 7 0 . 2 1 0 .47 0 .53 + 0 . 1 0
48 0 .24 0 .35 0 .98 0 .6 5 0 .28 0 .45 0 .50 + 0 . 1 1
72 0 .09 0 .17 0 .58 0 .30 0 .19 0 .30 0 .27 + 0 .07
96 0 .08 0 . 1 1 0 .26 0 . 1 2 0 . 1 0 0 .24 0 .1 5 + 0 . 0 2
1 2 0 0 .07 0 .05 0 .04 0 0 .0 3 0 .0 8 0 .0 4 + 0 . 0 1
144 0 .05 0 .04 0 0 0 0 0 . 0 1 + 0 . 0 1
168 0 .04 0 . 0 2 0 0 0 0 0 . 0 1 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 9 . 1
OONCHWRATIONS (p g .m l-1  ) OF OXFENDAZOLE SULEONE IN PLASMA OF




h o u rs 1 0 1 2
Sheep no . 
11 91 23 90 Mean + S.E.M.
B ase
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
8 0 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 1 0
1 2 0 0 .0 5 0 .03 0 .03 0 .04 0 .05 0 .0 3 0
24 0 .0 8 0 .17 0 . 1 0 0 . 1 0 0 . 1 2 0 .28 0 .1 4 +_ 0 . 0 2
36 0 . 1 2 0 .19 0 .16 0 .16 0 .1 7 0 .26 0 .1 8 + 0 . 0 1
48 0 .13 0 .25 0 .14 0 .16 0 . 2 1 0.41 0 . 2 1 j- 0 .0 4
72 0 . 1 1 0 .16 0 .13 0 .13 0 .23 0 .32 0 .18 Hr 0 .0 3
96 0 .07 0 .09 0 .07 0 .07 0 .16 0 . 2 0 0 . 1 1 _+ 0 . 0 2
1 2 0 0 0 . 0 2 0 .05 0 .05 0 . 1 2 0 . 1 1 0 .08 _+ 0 . 0 1
144 0 0 0 .03 0 .04 0 .06 0 . 0 2 0 .03 +_ 0 . 0 1
168 0 0 0 . 0 2 0 .03 0 0 0 . 0 1 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 9 . 2
OONCEOTRATIONS (p g .m l" 1 ) OF OXFENDAZQLE SOLBTONE IN PLASMA
OF SIX SHEEP AFTER ADMINISTRATION OF FENBENDAZOLE IN A
COMBINED PREPARATION WITH TRICLABENDAZQLE (FASINEX/PANACUR).
2 8 2
Time




91 23 90 Mean + S.E.M.
Base
l i n e 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
8 0 .03 0 0 0 .0 4 0 0 0 . 0 1 + 0 . 0 1
1 2 0 .07 0 .0 4 0 .05 0 .06 0 0 .03 0 .04 + 0 . 0 1
24 0 . 1 1 0 . 1 1 0 .27 0 .1 9 0 .03 0 .08 0 .13 + 0 .0 3
36 0 . 1 2 0 .15 0 .32 0 .2 8 0 .04 0 .1 5 0 .17 + 0 .0 4
48 0 . 1 1 0 .13 0 .42 0 .32 0 .09 0 .1 8 0 . 2 1 + 0 .05
72 0 .07 0 . 1 1 0 .43 0 .23 0 .08 0 .14 0 .17 + 0 .0 5
96 0 .06 0 .0 8 0 .33 0 .15 0 .08 0 .08 0 .13 + 0 .04
1 2 0 0 .04 0 .05 0 .14 0 .05 0 .04 0 .07 0 .06 + 0 . 0 1
144 0 .03 0 .04 0 . 1 0 0 .04 0 .04 0 .05 0 .05 + 0 . 0 1
168 0 . 0 2 0 .03 0 .05 0 0 .03 0 . 0 2 0 . 0 2 0
192 0 0 0 0 0 0 0 0
216 0 0 0 0 0 0 0 0
240 0 0 0 0 0 0 0 0
264 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0
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TABLE 2 . 6 . 1 0
PHARMACDKENETIC CONSTANTS OF TRICLABENDAZCLE SULFOXIDE AFTER
ADMINISTRATION OF "FASINEX11 AND "FASINEX/PANACUR" ORALLY
TO SIX SHEEP AT A DOSE RATE OF 10 rog.kg- 1 .
2 8 4
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TABLE 2 .6 . 1 1
PHARMACOKINETIC CONSTANTS OF IRICLABENDAZQLE SULFONE
H3LD0WING ORAL ADMINISTRATION OF "FASINEX" AND "EASINEX/PANACGR"
TO SIX SHEEP AT A DOSE RATE OF 10 m g.kg- 1 .
286
Animal A B a P t  1 / 2  ( o r ) t  1 / 2  ( (3) AUC
no.




0  - 8 1 .6 0 81 .50 0 .0 4 0 .03 17.20 24 .50 858.00
1 2  -  60 .60 60 .50 0 .0 5 0 .03 14.80 26 .00 979.30
11 -  90.30 90.20 0 .0 5 0 .03 14.30 21 .80 972.80
91 -  98.70 98.60 0 .0 5 0 .03 14.50 2 2 . 0 0 1089.00
23 -  43.00 43.60 0 .0 4 0 .03 16.60 27 .30 675.20
90 -  29 .60 29 .60 0 .06 0 . 0 2 1 1 . 2 0 28 .40 734.20
Mean -  67.30 67.30 0 .05 0 .03 14.70 25 .00 884.80
+ S.E.M . + 10.90 + 10.90 + 0 . 0 1 + 0 . 0 1 + 0 .80 + 1 . 0 0 + 63 .40
A veraged -  62 .0 62 .0 0 .0 5 0 .03 15.00 25.00 89 3 .0
FASINEX/PANACUR
0 -  28 .30 28 .30 0 .06 0 . 0 2 1 1 . 0 0 28 .20 704 .80
12 -  59.80 59.70 0 .03 0 . 0 2 2 1 . 0 0 31.00 856.20
1 1  - 1 0 2 . 0 0 1 0 2 . 0 0 0 .04 0 .03 19.40 26.50 1041.80
91 -  55 .3 55.20 0 .04 0 . 0 2 17.40 28.30 864.80
23 -  41.50 41.50 0 .04 0 . 0 2 19.50 33.60 841 .80
90 -  43.30 41.30 0 .05 0 .03 13.40 27 .00 844 .00
Mean -  55.00 54 .60 0 .04 0 . 0 2 17.00 29 .00 858 .90
+ S.E.M . + 10.20 + 10.30 + 0 . 0 1 + 0 . 0 1 + 1 .60 + 1 . 0 0 + 43 .00
A veraged -  50 .50 50.50 0 .04 0 . 0 2 16.50 29 .30 934 .50
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TABLE 2 . 6 . 1 2
PHARMACDKINETTC CONSTANTS OF FENBENDAZOLE AFTER AEMINISTRATICW
OF "PANACQR" AND "FASINEX/PANACUR" ORALLY TO
SIX SHEEP AT A DOSE RATE OF 10 m g.k g" 1 .
2 8 8
Animal A 









t  1 / 2  ( a )  
h





0 -  1 .60 1 .60 0 .08 0 .05 8 .50 14.80 14.30
1 2 -  0 .70 0 .70 0 .09 0 .04 7 .40 19 .70 12.70
1 1 -  1 . 1 0 1 . 1 0 0 . 1 0 0 .04 6 . 8 8 18.57 18.60
91 -  0 .7 0 0 .70 0 . 1 0 0 .03 5 .10 21 .90 18.00
23 -  0 .40 0 .4 0 0 . 2 0 0 . 0 2 3 .34 38 .56 19.76
90 -  2 . 1 0 2 . 1 0 0 .07 0 .04 9 .70 17 .40 23 .60
Mean -  1 . 1 0 1 . 1 0 0 . 1 1 0 .04 6.80 21 .80 17 .80
+S.E.M. + 0 .30 + 0 .30 + 0 . 0 2 + 0 . 0 1 + 0 .90 + 3 .40 + 1 .6 0•>—
A veraged -  1 .70 1 .70 0 .08 0 .04 8 .96 16.00 17 .30
FASINEX/PANACUR 
0 -  0 .50 0 .50 0 . 2 0 0 .04 3 .30 17 .30 10 .80
1 2 -  0 .50 0 .50 0 . 2 0 0 .03 3 .50 21 .30 13 .80
1 1 -  0 .80 0 .80 0 . 1 0 0 . 0 2 6 . 2 0 29 .20 2 5 .90
91 -  2 . 2 0 2 . 2 0 0 .08 0 .04 8 .30 17 .40 28 .60
23 -  0 .60 0 .60 0 .07 0 . 0 2 9 .80 29.36 17 .68
90 -  1 .40 1 .40 0 .05 0 .03 13.00 23 .00 20 .65
Mean -  1 . 0 0 1 . 0 0 0 . 1 2 0 .03 7 .40 23 .00 19 .60
+S.E.M. + 0 .30 + 0 .30 + 0 .03 + 0 . 0 1 + 1 .50 + 2 . 2 0 + 2 .6 0
A veraged -  1 . 2 0 1 . 2 0 0 .09 0 .04 7 .90 18.90 18 .30
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TABLE 2 . 6 . 1 3
PHARMACOKINETIC CONSTANTS OF QXFENDAZQLE FOLLOWING ORAL
ADMINISTRATION OF "PANACUR" AND "FASINEX/PANACUR" TO SIX SHEEP
AT A DOSE RATE OF 10 m g.kg- 1 .
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Animal A B a
0
t  1 / 2  ( a ) t  1 / 2  ( (3) AUC
no.
p g .m l- ' ug .m l h ~ 1 h ~ 1 h h jig. m l 1 • h
PANACUR
0 -  0 .70 0 .70 0 .08 0 .03 8 .62 24 .40 16.60
1 2 -  3 .10 3 .10 0 .0 7 0 .0 4 10.60 16.50 28.80
1 1 -  1 .80 1 .80 0 .0 5 0 .03 15.20 26.60 28.90
91 -  0 .80 0 .80 0 .0 7 0 . 0 2 9 .80 34 .50 27.40
23 -  2 .40 2 .40 0 .06 0 .03 1 2 . 1 0 21.30 31.84
90 -  3 .70 3 .70 0 .06 0 .0 4 11.80 19.19 38.86
Mean -  2 . 0 0 2 . 0 0 0 .07 0 .03 11.40 23.70 28 .70
_+S.E.M. + 0 .50 0 .50 + 0 .04 + 0 .0 3 + 0 .90 + 2 .6 0 + 2 .8 0
A veraged -  2 .60 2 .60 0 .06 0 .04 11.40 18.50 26 .30
FASINEX/PANACUR
0 -  0 .50 0 .50 0 . 2 0 0 . 0 2 3 .33 41.80 28 .10
1 2 -  0 .90 0 .90 0 . 1 0 0 . 0 2 5 .90 30 .50 31 .60
1 1 -  4 .90 4 .90 0 .06 0 .0 4 10.70 18.90 57 .60
91 -  3 .30 3 .30 0 .07 0 .0 4 10.40 19 .70 43 .86
23 -  0 .70 0 .70 0 .05 0 . 0 2 13.70 29.20 15 .30
90 -  1 .40 1 .40 0 .06 0 . 0 2 12 .4 30 .80 36.51
Mean _ 2 . 0 0 2 . 0 0 0 .09 0 .03 9 .40 29 .80 30 .70
+S.E.M. + 0 .70 _+ 0 .70 + 0 . 0 2 + 0 . 0 1 + 1 .60 + 2 .8 0 + 3 .80
A veraged -  3 .00 3 .00 0 .06 0 .0 4 11 .4 19.00 33.50
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TABLE 2 . 6 . 1 4
PHARMAOOKENETnC CONSTANTS OF OXFENDAZOLE SOLPONE AFTER
ADMINISIRATICN OF "PANAGUR" AND "FASINEX/PANACUR" CRALLY TO











t  1 / 2  ( a )  
h
t  1 / 2  ( (3) 
h
AUC 
pg .m l . h
PANACUR
0 -  0 .40 0 .40 0 .05 0 . 0 2 14.00 36 .80 1 2 . 2 0
1 2 -  1 .40 1 .40 0 .0 5 0 .0 4 14.00 20 .40 12.40
1 1 -  0 .40 0 .40 0 .05 0 . 0 2 14.00 36 .20 14.00
91 -  0 .30 0 .30 0 .06 0 . 0 1 10.80 47 .60 15.80
23 -  0 .80 0 .80 0 .03 0 . 0 2 2 0 . 0 0 38.50 21.70
90 -  1 . 0 0 1 . 0 0 0 .05 0 .03 14.70 30 .20 23.00
Mean -  0 .70 0 .70 0 .05 0 . 0 2 14.60 35.00 16 .50
+S.E.M. + 0 . 2 0 + 0 . 2 0 + 0 . 0 1 + 0 . 0 1 + 1 . 0 0 + 3 .60 + 1 .90
A veraged -  1 .60 1 .60 0 .04 0 .03 16.40 23.50 16.00
FASINEX/PANACUR 
0  -  0 . 2 0 0 . 2 0 0 .08 0 . 0 1 9 .00 51 .60 11 .84
1 2 -  0 .30 0 .30 0 .06 0 . 0 1 10.80 50 .50 15.40
1 1 -  1 .70 1 .70 0 .04 0 . 0 2 17.30 32 .30 37.00
91 -  1 . 0 0 1 . 0 0 0 .05 0 . 0 2 14.60 29 .30 21.60
23 -  0 . 2 0 0 . 2 0 0 .04 0 . 0 1 17.00 62.70 11.40
90 -  0 .4 0 0 .40 0 .0 4 0 . 0 2 16.00 41 .00 14.70
Mean -  0 .60 0 .60 0 .0 5 0 . 0 2 14.00 44.60 18.70
+S.E.M. + 0 . 2 0 + 0 . 2 0 + 0 . 0 1 + 0 . 0 1 + 1 .40 + 5 .0 0 + 3 .80
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FIGURE 2 . 6 . 2
MEAN OONCE1WRATIONS (p g .ra l- 1 ) OF TRICLABENDAZOLE SULFOXIDE 
AND TRIGLABENDAZQLE SULPONE IN PLASMA OF SHEEP (n=6) FOLLOWING 
ORAL ADMINISTRATION OF TRICLABENDAZOLE ALONE OR IN COMBINATION 
w rm  FENBENDAZQLE AT A DOSE RATE OF 10 m g.kg-1 OF 
TRICLABENDAZQLE and o f  FENBENDAZQLE.
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FIGURE 2 . 6 . 3
MEAN OONCENTOATIONS (p g .m l- 1 ) OF FENBENDAZCOC, OXFENDAZQLE 
AND THE SULPONE IN PLASMA OF SHEEP (n=6) AFTER AN ORAL 
ADMINISTRATION OF FENBENDAZQLE ALONE OR IN COMBINATION WITH 
TRICLABENDAZQLE AT A DOSE RATE OF 10 m g.kg-1 OF 






C oncentration  ( jjg.m! 1 )
d p
Q  @
c v - 1
6 . 7  D isc u ss io n
Im m ed ia te ly  a f t e r  o r a l  a d m in is t r a t io n ,  t r i c la b e n d a z o le  was 
r a p id ly  o x id iz e d  to  th e  s u lfo x id e  and su b se q u e n tly  t o  th e  s u lfo n e  
(F ig . 2 .6 .4 ) .  T h is  o x i d a t i v e  p a th w a y  i s  show n t o  b e  common f o r  
th e  m e tab o lism  o f  su lp h u r  c o n ta in in g  compounds (M eshi e t  a l  1970; 
Duwel 1977; M a rr in e r  and Bogan 1980, 1981a).
The r a t e  o f  fo rm a tio n  o f  th e s e  m e ta b o l i te s  was so  r a p id  t h a t  
t h e  p a r e n t  com pound, t r i c l a b e n d a z o l e ,  w as n o t  d e t e c t e d  i n  t h e  
p la s m a  s a m p le s  and  o n ly  i t s  m e t a b o l i t e s  w e re  d e t e c t e d  a t  
a p p ro x im a te ly  tw o h o u rs  a f t e r  a d m in is t r a t io n .  A s i m i l a r  f in d in g  
i s  r e p o r te d  f o r  a n o th e r  b e n z im id a z o le  compound, a lb e n d a z o le , i n  
sheep  (M arrin e r and Bogan 1980; G yurik  e t  a l  1981).
Once t r i c la b e n d a z o le  s u lfo x id e  h as  e n te re d  th e  b lo o d  s tre a m  
i t  w as r e v e r s i b l y  bound  t o  p la s m a  p r o t e i n s .  B ased  on  a n  
in s p e c t io n  o f  th e  p lasm a c o n c e n t r a t i o n / t i m e  p r o f i l e  (F ig . 2 .6 .2 )  
i t  c o u l d  b e  c o n c l u d e d  t h a t  t h e  r a p i d  d i s s o c i a t i o n  a n d  
d i s t r i b u t i o n  o f  th e  f r e e  d ru g , w hich i s  im m ed ia te ly  r e p la c e d  by 
new ly  d i s s o c ia te d  d ru g , i s  r e s p o n s ib le  f o r  th e  i n i t i a l  d e c l in e  o f  
th e  p lasm a cu rv e  o f  t r ic la b e n d a z o le  s u lfo x id e  ( t  1 / 2  ( ) = 16.0
_+ 1 .7 h ) , and  t h e  s lo w  d e c l i n e  o f  t h e  p la sm a  c u rv e  ( t  1 /2  (7) = 
42.8 _+ 9 .5h) i s  th o u g h t  t o  b e  a t t r i b u t e d  t o  t h e  s lo w  r a t e  o f  
e l i m i n a t i o n  o f  t h e  d ru g  s i n c e  t h e  bound  d ru g  i s  n o t  r e a d i l y  
a v a i la b l e  f o r  d i s t r i b u t i o n ,  m e tab o lism  and e l im in a t io n .
F o llo w in g  a d m in is t r a t io n  o f  th e  com bined fo rm u la t io n  (F/P) 
th e  i n i t i a l  d e c l in e  o f  th e  p lasm a c o n c e n tr a t io n / t im e  p r o f i l e  o f  
t r i c l a b e n d a z o l e  s u l f o x i d e  (F ig .  2 .6 .2 )  w as r e l a t i v e l y  s lo w e r  
( t  1 /2  ( (3) = 1 9.8 +_ 2 .4h) an d  f o l lo w e d  by  a  r e l a t i v e l y  f a s t e r
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e l i m i n a t i o n  r a t e  ( t  1 /2  ( T )  = 3 6 .0  +_ 3 .4 h )  t h a n  a f t e r  
a d m in is t r a t io n  o f  t r i c la b e n d a z o le  a lo n e  (F). T h is  m ig h t be due 
t o  t h e  e f f e c t  o f  c o m p e t i t i o n  f o r  b in d in g  s i t e s  an d  t h a t  t h e  
s u b s e q u e n t  b in d i n g  o f  f e n b e n d a z o le  h ad  a l t e r e d  t h e  b in d in g  o f  
t r i c la b e n d a z o le  s u lfo x id e  o r  m ig h t be a t t r i b u t e d  t o  a l t e r a t i o n  in  
m e t a b o l i c  r a t e  i n  l i v e r  s i n c e  b o t h  t r i c l a b e n d a z o l e  a n d  
fen b en d a zo le  a r e  s u l f id e s  and have s i m i l a r  p a t t e r n s  o f  m e tab o lism  
v ia  th e  s u lfo x id e  and th e  s u lfo n e  m e ta b o l i te .
The d e c l in e  o f  th e  p lasm a cu rv e  o f  t r i c la b e n d a z o le  s u lfo n e  
fo llo w e d  f i r s t  o rd e r  k i n e t i c s  w ith  a  mean e l im in a t io n  h a l f  l i f e  
( t  1 /2  (3 ) o f  25 .0  +_ 1 .Oh an d  29 .0  _+ 1 .Oh a f t e r  a d m i n i s t r a t i o n  o f  
F and F /P  r e s p e c t iv e ly .
The p h a rm a c o k in e tic  b eh a v io u r o f  t r i c la b e n d a z o le  i n  c a t t l e  
(Bogan e t  a l  1985) a p p e a re d  t o  b e  s i m i l a r  t o  t h a t  i n  s h e e p .  
F o l lo w in g  t h e  o r a l  a d m i n i s t r a t i o n ,  t r i c la b e n d a z o le  was r a p id ly  
m e ta b o l i s e d  t o  t h e  s u l f o x i d e  an d  t h e  s u l f o n e .  The p a r e n t  
t r ic la b e n d a z o le  co u ld  be d e te c te d  o n ly  a t  v e ry  low c o n c e n tr a t io n  
in  a  few e a r ly  sam ples (< 0 .0 5  pg .m l ) .
T h e . maximum c o n c e n tra t io n  o f  t r ic la b e n d a z o le  s u lfo x id e  and 
t r i c l a b e n d a z o l e  s u l f o n e  i n  p l a s m a  o f  c a t t l e  a f t e r  o r a l
_i
a d m in is t r a t io n  a t  a do se  r a t e  o f  5 mg.kg t r i c la b e n d a z o le ,  w ere  
12 .5  an d  10.1 p g .m l-  ^ a n d  o c c u r r e d  a t  2 4 - 3 0 h  a n d  9 6 -1  2 0 h  
r e s p e c t iv e ly .  Ig n o r in g  th e  d i f f e r e n c e s  i n  th e  a d m in is te re d  d o se  
o f  t r i c l a b e n d a z o l e  t o  s h e e p ,  co m p ared  w i th  c a t t l e ,  i t  w o u ld  
ap p e a r  t h a t  th e  k in e t i c s  o f  t r ic la b e n d a z o le  s u lfo x id e  i n  c a t t l e  
p la s m a  w e re  r e l a t i v e l y  s i m i l a r  t o  t h a t  i n  s h e e p . T h is  w as 
r e f l e c t e d  by th e  s i m i l a r i t y  in  th e  maximum c o n c e n tr a t io n  r e l a t e d  
t o  do se  r a t e  and th e  t im e  a t  w hich th e  maximum c o n c e n tr a t io n  o f
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t r i c la b e n d a z o le  s u lfo x id e  i n  p la s m a  h ad  o c c u r r e d  i n  b o th  s h e e p  
an d  c a t t l e .  H ow ever t h e  s i t u a t i o n  seem s t o  b e  d i f f e r e n t  f o r  
t r i c l a b e n d a z o l e  s u l f o n e .  T he  m axim um  c o n c e n t r a t i o n  o f  
t r i c la b e n d a z o le  s u lfo n e  in  c a t t l e  p lasm a o c c u rre d  a t  a  mean tim e  
o f  9 6 -1 20h w h ic h  i s  l a t e r  th a n  t h a t  i n  s h e e p  (3 6 -4 8 h ) . The 
e l i m i n a t i o n  h a l f  l i f e  o f  t r i c l a b e n d a z o l e  s u lfo n e  in  c a t t l e  was 
lo n g e r  (5 4 . 8 h) th a n  t h a t  i n  s h e e p  (2 5 .Oh).
From t h i s  o b s e rv a tio n  i t  w ould ap p e a r  t h a t  a d m in is t r a t io n  o f  
t r i c l a b e n d a z o l e  t o  c a t t l e  a t  a  d o s e  r a t e  o f  5 m g.kg p r o d u c e s  
s i m i l a r  p l a s m a  c o n c e n t r a t i o n s  t o  t h a t  i n  s h e e p  w h en  
t r i c l a b e n d a z o l e  w as g iv e n  a t  a  d o s e  r a t e  o f  1 0 m g.kg . The 
p la sm a  c o n c e n t r a t i o n s  o f  t r i c l a b e n d a z o l e  s u l f o x i d e ,  w h ic h  i s  
p r o b a b ly  t h e  a n t h e l m i n t i c a l l y  a c t i v e  m e t a b o l i t e ,  a c h ie v e d  i n  
c a t t l e  a r e  s u f f i c i e n t  f o r  a  h ig h  a c t i v i t y  w h ile  t r i c la b e n d a z o le  
s u lfo n e  i s  u n l ik e ly  t o  be a n th e lm in t ic a l l y  a c t iv e .  T h e re fo re  th e
c o m m erc ia lly  recommended d ose  r a t e  o f  t r i c la b e n d a z o le  f o r  c a t t l e
—1 —1w hich  i s  h ig h e r  ( 1 2  mg.kg ) th a n  f o r  sheep  ( 1 0  mg.kg ) c o u ld  be
s i m i l a r  t o  t h a t  f o r  sheep.
The p h a rm a c o k in e tic  b e h a v io u r o f  fen b en d a zo le  in  p la sm a  in  
s h e e p ,  i n  t h i s  s tu d y ,  w as i n  a g re e m e n t  w i th  p r e v io u s  f i n d i n g s  
(D uw el 1977; M a r r in e r  a n d  B ogan 1 9 8 1 a ). A f t e r  a b s o r p t i o n  o f  
fen b en d a zo le , from  th e  g a s t r o i n t e s t i n a l  t r a c t  t o  th e  p e r ip h e r a l  
c i r c u l a t i o n ,  th e  d ru g  was m e ta b o lis e d  by th e  h e p a t ic  m icro so m al 
e n z y m e s  t o  t h e  s u l f o x i d e ,  o x f e n d a z o l e  a n d  t h e  s u l f o n e  
(F ig . 2 .6 .5 ) .
M e ta b o lis m  o f  t r i c l a b e n d a z o l e  an d  f e n b e n d a z o le  t o  t h e  
s u l f o x i d e  an d  t h e  s u l f o n e  a p p e a r  t o  b e  s i m i l a r .  H ow ever t h e
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e x te n t  and r a t e  o f  m e tab o lism  o f  t r i c la b e n d a z o le  was found t o  be 
q u i c k e r  th a n  t h a t  o f  fe n b e n d a z o le .  T r ic la b e n d a z o le  d isa p p e a re d  
r a p i d l y  fro m  t h e  p la sm a  s a m p le s  an d  o n ly  i t s  m e t a b o l i t e s  w e re  
d e t e c t e d  i n  m uch  h i g h e r  c o n c e n t r a t i o n  i n  p la s m a  w h e re a s  
f e n b e n d a z o le  w as d e t e c t e d  i n  p la s m a  f o r  l o n g e r  d u r a t i o n  a lo n g  
w ith  i t s  m e ta b o li te s .
An im p o r t a n t  f a c t o r  i s  t o  know w h e th e r  i t  i s  t h e  p a r e n t  
compound o r  one o r  more o f  th e  m e ta b o l i te s  w hich i s  r e s p o n s ib le  
f o r  t h e  a c t i v i t y  o f  t h e s e  d r u g s  a g a i n s t  h e l m in t h s .  I n  a n  
e f f i c a c y  s tu d y  o x f e n d a z o le ,  w h ic h  i s  t h e  m a jo r  m e t a b o l i t e  o f  
f e n b e n d a z o le ,  h a s  b e e n  show n t o  b e  m ore p o t e n t  th a n  t h e  p a r e n t  
com pound (A v e rk in  e t  a l  1 9 75 ). B i t h i o n o l  s u l f o x i d e ,  w h ic h  i s  
u s e d  a s  a  f a s c i o l i c i d e  i n  r u m in a n t s ,  h a s  b e e n  show n t o  h a v e  
s t r o n g e r  a n t h e l m i n t i c  a c t i v i t y  th a n  t h e  s u l f i d e ,  b i t h i o n o l  
(G o d f ra in  e t  a l  1 9 6 9 a , b ; M esh i e t  a l  1970 ; V is h n y a u s k a s  an d  
G udonavitchus 1974; D agom  1984).
I n  a  p h a r m a c o k i n e t i c  s t u d y ,  f o l l o w i n g  t h e  o r a l  
a d m in is t r a t io n  o f  a lb e n d a z o le  to  sheep  M a rr in e r  and Bogan (1980) 
r e p o r te d  t h a t  th e  p a re n t  compound was v i r t u a l l y  a b s e n t from  th e  
p lasm a and i t s  m a jo r m e ta b o l i te ,  a lb e n d a z o le  s u lfo x id e ,  was found 
in  c o n c e n tra t io n s  much h ig h e r  th a n  a lb e n d a z o le . They r e l a t e d  th e  
a n th e lm in t ic  a c t i v i t y  o f  t h i s  d rug  t o  th e  s u lfo x id e  m e ta b o l i te .  
F u r th e r m o re  a d m i n i s t r a t i o n  o f  a lb e n d a z o le  s u lfo x id e  in  fe e d  t o  
r a t s  in f e c te d  w ith  N ip p o s tro n g y lu s  b r a s i l i e n s i s  was found to  be 
a s  e f f e c t iv e  a n th e lm in t ic a l l y  a s  was a lb e n d a z o le  (M a rr in e r  1980).
S u b s e q u e n t m e ta b o lis m  o f  t h e  a b s o rb e d  t r i c l a b e n d a z o l e  
s u lfo x id e  and o x fen d az o le  t o  th e  s u lfo n e  i s  m a in ly  t o  enhance th e  
p ro c e s s  o f  e x c r e t io n  (M eshi e t  a l  1970; M ulder e t  a l  1982). The
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maximum c o n c e n tr a t io n  o f  t r i c la b e n d a z o le  s u lfo n e  and o x fen d az o le  
s u lfo n e  o c c u rre d  l a t e r  and w ere  s i g n i f i c a n t l y  lo w er th a n  th o s e  o f  
b o th  t r i c l a b e n d a z o l e  s u l f o x i d e  an d  o x f e n d a z o le  r e s p e c t i v e l y .  
T h e r e a f t e r  t h e  s u l f o n e  c o n c e n t r a t i o n s  te n d e d  t o  b e  h i g h e r  th a n  
th o s e  o f  th e  s u lfo x id e .
One o f  th e  m ain c h a r a c t e r i s t i c s  o f  f l u k i c i d a l  d ru g s  a p p e a rs  
t o  be  t h a t  th e y  a r e  e x te n s iv e ly  bound to  b lo o d  p r o te in s ,  m a in ly  
a lb u m in , and a r e  th e r e f o r e  e x c re te d  s lo w ly  from  th e  body (Broome 
and Jo n es  1966; M eshi e t  a l  1970; V ishnyauskas and G udonavitchus 
1974). In  com paring  a  num ber o f  s a l i c y l a n i l i d e  f l u k i c i d a l  d ru g s , 
Lee (1973) found t h a t  th e  f l u k i c i d a l  a c t i v i t y  o f  s a l i c y l a n i l i d e s  
i n  sheep  was d ependen t on th e  e x te n t  t o  w hich  th e y  p e r s i s t  in  th e  
p la s m a . He fo u n d  t h a t  com pounds w h ic h  h ad  h a l f  l i v e s  o f  l e s s  
t h a n  36 h h ad  no  d e t e c t a b l e  f a s c i o l i c i d a l  a c t i v i t y  w h e re a s  
compounds w ith  p lasm a h a l f  l i v e s  o f  48-84 h w ere m arked ly  m ore 
a c t i v e  an d  th o s e  w i th  h a l f  l i v e s  o f  5 -6  d a y s  w e re  v e r y  a c t i v e .  
C o rba  e t  a l  (1979) d e m o n s t r a te d  t h e  im p o r ta n c e  o f  t h e  lo n g  
e x p o s u re  o f  l i v e r  f l u k e s  t o  f e n b e n d a z o le  r a t h e r  th a n  t h e  
c o n c e n tra t io n s  o f  th e  compound in  th e  body.
The sam e s i t u a t i o n  a p p a r e n t l y  e x i s t s  f o r  t r i c la b e n d a z o le ,  
t h e  s t r o n g  b in d in g  o f  t r i c l a b e n d a z o l e  an d  i t s  m e t a b o l i t e s  t o  
p lasm a p r o te in s  (> 99%) w ould ap p e a r t o  be  th e  m ost l i k e l y  r o u te  
by  w h ic h  t h i s  b e n z im id a z o le  r e a c h e s  l i v e r  f l u k e s .  A d d i t i o n a l  
e v id e n c e  f o r  t h i s  s u g g e s t io n  w as p r o v id e d  i n  a n  e x p e r im e n t  i n  
w h ic h  o n e  s h e e p  r e c e iv e d  a n  o r a l  d o s e  o f  t r i c l a b e n d a z o l e  a t  a  
d o s e  r a t e  o f  1 0  m g.kg .
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A f t e r  t h e  o r a l  a d m i n i s t r a t i o n ,  t h e  b i l e  : p la s m a  r a t i o  o f  
t r i c l a b e n d a z o l e  s u l f o x i d e  an d  t r i c l a b e n d a z o l e  s u lfo n e  was 0.65 
an d  0 .36 r e s p e c t i v e l y .  T h e r e f o r e  t h e r e  i s  no  e v id e n c e  t h a t  
f lu k e s  a r e  exposed  t o  h ig h  c o n c e n tr a t io n s  o f  t r i c la b e n d a z o le  in  
b i l e .  A lthough  a lb e n d a z o le  h as  f l u k i c i d a l  a c t i v i t y  (T heodorides 
e t  a l  1975 ; K n ig h t  an d  C o l g l a z i e r  1977 ; F e t t e r e r  e t  a l  1 9 8 2 ), 
M o rris  e t  a l  (1985) have a l s o  shown t h a t  th e  b i l i a r y  e x c r e t io n  o f  
a lb e n d a z o le  s u lfo x id e  in  humans a r e  l e s s  th a n  th o s e  i n  p lasm a.
I t  h a s  b e e n  fo u n d  t h a t  f l u k e s  r e s i d i n g  i n  b i l e  d u c t s  f e e d  
m a in ly  on  b lo o d  ( J e n n in g s  e t  a l  1 955 , 1956 ; P e a r s o n  1963 ; 
Row lands 1969) and t h a t  each  f lu k e  consum es a p p ro x im a te ly  0.2 ml 
o f  b lo o d  p e r  d ay  ( J e n n in g s  e t  a l  1 9 5 6 ). T h is  am o u n t o f  d a i l y  
b lo o d  l o s s  c a u s e d  by  f l u k e s  i s  s u f f i c i e n t  t o  p ro d u c e  m a rk e d  
a n a e m ia  w h ic h  i s  a s s o c i a t e d  w i th  F a s c io la  h e p a t ic a  i n f e c t io n s .  
T hus i n g e s t i o n  o f  b lo o d  bound  d ru g  by  t h e  f l u k e s  i s  p r o b a b ly  
r e s p o n s i b l e  f o r  t h e  t o x i c  e f f e c t  o f  t h e  d r u g  o n  
F a s c io la  h e p a t ic a .
The p h a rm a c o k in e tic  r e s u l t s  p re s e n te d  d e m o n s tra te  t h a t  th e r e  
was no in d ic a t io n  t h a t  an  i n t e r a c t i o n  be tw een  t r i c la b e n d a z o le  and 
f e n b e n d a z o l e  h a d  o c c u r r e d ,  w h en  b o th  com pounds w e re  c o ­
a d m in is te re d , and t h a t  t h e i r  p h a r m a c o k in e t ic  b e h a v io u r  w as n o t  
a l t e r e d  s ig n i f i c a n t l y  ( e i t h e r  p o te n t ia t e d  o r  red u ced ). T h is  was 
r e f l e c t e d  by th e  i n s i g n i f i c a n t  in c re a s e  in  AUC and t h e i r  p la sm a 
c o n c e n tr a t io n .
I t  i s  a l s o  c l e a r  f ro m  t h i s  s tu d y  t h a t  t r i c l a b e n d a z o l e  
f u n c t i o n s  q u i t e  d i f f e r e n t l y  fro m  t h e  o t h e r  b e n z im id a z o le s  an d  
t h i s  may e x p l a i n  t h e  p r e f e r e n t i a l  a c t i v i t y  o f  t h i s  com pound 
'a g a in s t  l i v e r  f lu k e  and i t s  la c k  o f  a c t i v i t y  a g a in s t  nem atodes.
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F i r s t l y ,  a n a l y t i c a l l y  i t  c a n n o t  b e  a s s a y e d  by  t h e  sam e 
m e th o d o lo g y  a s  o t h e r  b e n z im id a z o le s .  T h e r e f o r e  c h e m ic a l ly  i t  
m ust be  fu n c t io n in g  in  a  d i f f e r e n t  way from  th e  o th e r s .
S e c o n d ly ,  i t  i s  e x t r e m e ly  s t r o n g l y  p r o te in - b o u n d  (> 99%). 
P ro te in -b in d in g  o f  th e  o th e r  b e n z im id a z o le s  i s  unknow n an d  f o r  
co m parison , th e  b in d in g  o f  a lb e n d a z o le  s u lfo x id e  was m easured  and 
found t o  be 49% bound.
T h ird ly , i t s  a v a i l a b i l i t y  i s  c o n s id e ra b ly  h ig h e r  th a n  o th e r  
b e n z im id a z o le s .  F o r  e x a m p le , a t  d o s e  r a t e s  o f  10 m g.kg t h e  
m axim um  m ean  c o n c e n t r a t i o n s  o f  t h e  p a r e n t  com pound p l u s  
m e ta b o l i te s  w ith  t r i c l a b e n d a z o le  w as 25 .84  p g .m l w h e re a s  f o r  
p a r e n t  a n d  m e t a b o l i t e s  o f  a l b e n d a z o l e ,  f e n b e n d a z o le  an d  
o x f e n d a z o le  t h e s e  w e re  3 .9 0 , 1 .00 an d  0 .96 p g .m l r e s p e c t i v e l y  
( M a r r in e r  an d  Bogan 1 980 , 1981b) (T a b le s  2 .6 .7 .1 , 2 . 6 .8.1 an d  
2 . 6 .9 . 1 ) .
F o u r th ly , t r ic la b e n d a z o le  p roduces h ig h e r  c o n c e n tr a t io n s  in  
c a t t l e  th a n  i n  s h e e p  a t  t h e  sam e d o s e  r a t e  i n  c o n t r a s t  t o  o t h e r  
b e n z im id a z o le s , v iz  th ia b e n d a z o le ,  fen b en d a zo le , o x fe n d a z o le  and 
a lb e n d a z o le  w h e re  t h e  r e v e r s e  i s  t r u e  ( r e f l e c t e d  by i n c r e a s e d  
dosage r a t e s  in  c a t t l e  f o r  th e s e  compounds).
I n  c o n c lu s io n  t h e r e f o r e ,  t r i c l a b e n d a z o l e  i s  a  u n iq u e  
b e n z im id a z o le  and i t  may be t h a t  th e  o th e r  s id e  g roups r e l a t e d  t o  
s a l i c y l a n i l i d e  may b e  m ore  im p o r t a n t  t o  i t s  a c t i o n  th a n  t h e  
b en z im id azo le  n u c le u s .
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FIGURE 2 . 6 . 5































The p h a r m a c o k in e t ic  b e h a v io u r  o f  t h e  f l u k i c i d a l  d r u g s  
s tu d ie d  a p p e a rs  t o  be  v e ry  im p o r ta n t  and r e le v a n t  t o  many a s p e c ts  
o f  t h e i r  u s e  an d  e f f i c a c y .  The im p o r ta n c e  o f  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  l o n g  r e s i d e n c e  t i m e  o f  m e a s u r a b l e  p la s m a  
c o n c e n t r a t i o n s  a n d  f l u k i c i d a l  a c t i v i t y  h a s  b e e n  w e l l  
d e m o n stra te d . Two o f  th e  s a l i c y l a n i l i d e s  s tu d ie d ,  r a fo x a n id e  and 
c l o s a n t e l  h a v e  p la s m a  h a l f - l i v e s  much l o n g e r  th a n  an y  o t h e r  
commonly u sed  v e t e r in a r y  c h e m o th e rap e u tic  a g e n ts .
The d i f f e r e n c e s  i n  e f f ic a c y  be tw een  th e  th r e e  s a l i c y l a n i l i d e  
f lu k i c id e s  ra fo x a n id e , c lo s a n te l  and o x y c lo zan id e  can  be  r e l a t e d  
t o  th e  d i f f e r e n c e s  in  t h e i r  h a l f - l i v e s  e s p e c i a l l y  i n  th e  c a se  o f  
o x y c lo z a n id e .  T hus o x y c lo z a n id e  w h ic h  h a s  a  r e l a t i v e l y  s h o r t  
p lasm a h a l f - l i f e  com pared w ith  ra fo x a n id e  and c l o s a n t e l ,  h a s  no 
e f f ic a c y  c la im ed  a g a in s t  im m ature f lu k e .
T h is  s tu d y  a l s o  r e v e a l e d  p r o b a b le  d e f e c t s  i n  t h e  m e th o d s  
c u r r e n t ly  u sed  f o r  e v a lu a t io n  o f  a c t i v i t y  a g a in s t  im m ature f lu k e s  
and t h a t  e f f ic a c y  c la im e d  a g a in s t  im m atu re  f lu k e  may n o t be t r u l y  
c o r r e c t .
I t  i s  i n t e r e s t i n g  t o  c o n s id e r  th e  p r a c t i c a l  consequence o f  
th e  f in d in g  t h a t  s a l i c y l a n i l i d e s  p r o b a b ly  do  n o t  k i l l  im m a tu re  
f lu k e s  b u t  o n ly  a d u l t s .  N orm ally  in  th e  U.K. in f e c t io n  o c c u rs  i n  
t h e  au tu m n  and  f l u k e  a t  v a r i o u s  im m a tu re  s t a g e s  a r e  p r e s e n t  i n  
l i v e r  d u r in g  D ecem ber an d  J a n u a r y .  L ack  o f  a c t i v i t y  a g a i n s t  
im m ature f lu k e s  w i l l  th e r e f o r e  f a i l  t o  p re v e n t th e  l i v e r  damage 
c a u s e d  b y  t h e  m i g r a t i n g  f l u k e ,  b u t  t h e  e x t e n d e d  p l a s m a  
c o n c e n tra t io n s  w i l l , ,  a t  l e a s t ,  e x e r t  e f f e c t s  a g a in s t  a d u l t  f lu k e s
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f o r  1 5 w eek s . The c o n s e q u e n c e  o f  t h i s  i s  t h a t  o n e , an d  a t  m o s t 
tw o , t r e a t m e n t s  g iv e n  i n  l a t e  a u t u m n /e a r ly  w i n t e r  s h o u ld  k e e p  
sheep  f r e e  o f  c h ro n ic  in f e c t io n  th ro u g h o u t th e  y e a r . T h is  would 
a l s o  c o n f i r m  t h e  r e s u l t s  o b t a in e d  by  A rm our e t  a l  (1973) w hen 
th e y  gave ra fo x a n id e  tw ic e  ( a t  th e  end o f  s p r in g  and b e g in n in g  o f  
June) to  ew es. The f a e c e s  o f  th e  ew es rem ain ed  v i r t u a l l y  f r e e  o f  
f lu k e  eggs f o r  f i v e  weeks a f t e r  t r e a tm e n t .  However i f  i n f e c t io n  
i s  heavy, th e  p o s s i b i l i t i e s  o f  a c u te  o r  s u b -a c u te  in f e c t io n  a r e
n o t  r e d u c e d ,  an d  w o u ld  e x p l a i n  t h e  r e a s o n  why h i g h e r  d o s e s  ( 1 0
—1 —1 and 15 mg.kg ) th a n  7.5 mg.kg w ere needed f o r  a  h ig h  e f f i c a c y
a g a i n s t  h e a v y  i n f e c t i o n  w i th  im m a tu re  f l u k e s  a s  r e p o r t e d  by
Cam pbell e t  a l  (1970); Edwards and P a r ry  (19 7 2 a ).
A l l  t h e  f l u k i c i d e s  s t u d i e d  show ed  a  h ig h  a f f i n i t y  f o r  
p la s m a -p ro te in s .  T h is  p ro p e r ty  a l s o  a p p e a rs  t o  be im p o r ta n t  f o r  
f l u k i c i d a l  a c t i v i t y  e s p e c i a l l y  a s  f l u k e s  i n g e s t  b lo o d  p r o t e i n s ,  
p a r t i c u l a r l y  a lb u m in ,  f ro m  t h e  t im e  o f  t h e i r  i n v a s i o n  o f  t h e  
l i v e r  parenchym a.
A common problem  w ith  th e  f lu k i c id e s  i s  t h e i r  h a z a rd s  t o  th e  
consum er and i t  seem s, from  th e  r e s id u e  s tu d ie s  w ith  ra fo x a n id e , 
t h a t  th e  w ith d raw al p e r io d  o f  28 days may be in a d e q u a te .
From th e  k i n e t i c  s tu d ie s  o f  ra fo x a n id e  in  p lasm a and t i s s u e  
r e s id u e s ,  i t  can  be  concluded  t h a t  a d m in is t r a t io n  o f  ra fo x a n id e  
a t  lo w  d o s e s  an d  o v e r  a  p e r io d  o f  t im e  w o u ld  p ro d u c e  s i m i l a r  
p lasm a c o n c e n tra t io n s  a d eq u a te  f o r  f l u k i c i d a l  a c t i v i t y  and a l s o  
r e d u c e s  d ru g  t o x i c i t y .  T hus f o r  e x a m p le  i n c o r p o r a t i o n  i n  f e e d  
o v e r  a  w eek o f  t h e  sam e t o t a l  d o s e  w i l l  r e s u l t  i n  v e r y  s i m i l a r  
a c t i v i t y  w ith  much red u ced  p o s s i b i l i t y  o f  any to x ic  h a z a rd .
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The w i th d r a w a l  p e r io d  o f  c l o s a n t e l  recom m ended  by  t h e  
m a n u fa c tu re rs  i s  14 days. However from  th e  r e s id u e  e x p e rim e n ts  
i t  i s  obv ious t h a t  consum ption  o f  e d ib le  t i s s u e s  e s p e c i a l l y  l i v e r  
a t  14 days c o n tin u e s  t o  be  a  h a z a rd  t o  consum ers.
I n  t h e  U n ite d  S t a t e s ,  b e c a u s e  t h e  r e s i d u e  h a z a r d s  o f  
s a l i c y l a n i l i d e  f a s c i o l i c i d e s  a r e  r e c o g n i s e d ,  t h i s  g ro u p  o f  
com pounds i s  n o t  l i c e n s e d  f o r  u s e  i n  t h e  t r e a t m e n t  o f  l i v e r  
f l u k e .  W ith  t h e  i n c r e a s e  i n  t h e  p ro b le m  o f  f a s c i o l i a s i s  
e s p e c i a l l y  in  c a t t l e ,  th e r e  i s  an  u rg e n t  need  i n  t h a t  c o u n try  f o r  
a  u s e f u l  f lu k ic id e .  A lbendazo le  was l i c e n s e d  f o r  u se  b u t  o n ly  a s  
an  em ergency m easure. R e c e n tly  c lo r s u lo n  h as  been  l i c e n s e d  f o r  
l i v e r  f l u k e  t r e a t m e n t  i n  t h e  U n i te d  S t a t e s  an d  a lb e n d a z o l e  h a s  
been  w ithdraw n.
W ith th e  r e c e n t  in t r o d u c t io n  o f  t r i c la b e n d a z o le ,  i t  i s  q u i t e  
c l e a r  t h a t  t h i s  com pound r e p r e s e n t s  a  m a jo r  and  d i f f e r e n t  
approach  to  th e  t r e a tm e n t  o f  f a s c i o l i a s i s .  Not o n ly  b ecau se  i t  
p o s se s s e s  b e t t e r  e f f ic a c y  a g a in s t  a l l  s ta g e s  o f  f lu k e s ,  i t  w ould 
a l s o  a p p e a r  t o  p r e s e n t  much l e s s  o f  r e s i d u e  h a z a r d  t o  t h e  
c o n su m e r ( c e r t a i n l y  on  a  q u a n t i t a t i v e  b a s i s ) .  A lth o u g h  t h e  
w ith d ra w a l p e r io d  i s  a l s o  28 d ay s , i t  i s  c l e a r  from  th e  k i n e t i c  
s tu d ie s  t h a t  t h i s  i s  a d eq u a te  and much s a f e r  f o r  th e  consum er.
T he  p h a r m a c o k i n e t i c  s t u d y  o f  t r i c l a b e n d a z o l e  a n d  
fen b en d azo le  in  sheep  g iv e n  s e p a r a te ly  o r  in  co m b in a tio n  showed 
t h a t  t h e  c o - a d m i n i s t r a t i o n  o f  t r i c l a b e n d a z o le  and fen b en d a zo le  
d id  n o t a l t e r  th e  k i n e t i c s  o f  e i t h e r  d rug . T h is  i s  im p o r ta n t  a s  
i t  i s  p ro b a b le  t h a t  t h i s  o r  a s im i l a r  c o m b in a tio n  w i l l  be u sed  in  
C ases w here m ixed nem atode and tre m a to d e  in f e c t io n  a r e  l i k e l y  t o  
o c c u r .
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